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BEIIAVIQR OF CLAYS ASSOCIATED WITH LaW-RAIyK COALS 
IN COAL-CLEANm PROCESSES 

H. F. Yancey and M. B. Geer 

Seattle Coal Research Iaboratory, Seattle 5 ,  Wash. 
Bureau of Mines, U. S. Demrtment o f  the Interior 

About 65 percent of the 4W Flus mi l l i on  tons of coal produced i n  the United 
States annually is  mechanically cleaned t o  remove the inorganic impurities before 
being sent t o  market. The remved impurities, principally shale and clay w i t h  
some pyrite, average about 20 percent of  the r a w  coal treated. Nearly 95 percent 
of the tonnage treated is  dealt w i t h  by wet processes i n  which water, suspensions 
of  solids in  water, or occasionally celci7m chloride solutions are employed. D i f -  
ference i n  density between coal and impurity i s  the basis of these processes. 

O f  major importance in the separation i s  the competency o f  the impurities, 
that is ,  the resistsnce of the i w r i t i e s  t o  size disintegration i n  water. 
general, the i w r i t i e s  are more resistant i n  geologically older coals or those 
i n  effect made older by metanorphism. If the impurities suffer reduction in  par- 
t ic le  size &en immersed in  water, the separation of organic from inorganic mate- 
r i a l  becomes more difficult .  Recently the Scientific Department of  the National 
Coal Board (Great Britain) undertook a fundamental invest ie t ion of  the interac- 
tion of shale and water and also developed an empirical method of assessing shale 
breakdown or disintegration (1). 

Comparatively l i t t le  i s  known about the behavior of  the clay and shale asso- 
ciated w i t h  subbituminous coal and l ignite because experience in upgrading them by 
the more efficient wet-beneficlation methods i s  limited. These lower-rank coals 
occur in  the western states where energy requirements in the past have been rela- 
t ively small, and supplies of alternate fuels have been abundant. Now however, 
these coals, which comprise the bulk of the Country's reserves of mineral fuel, are 
becoming of interest as sources of fuel for power generation and as potential 
sources of  metallurgical carbon and carbonization byproducts. Thus, their behavior 
i n  greparation processes may soon become important. 

rank coal t o  disintegrate and form slimes or suspensions i n  the wet-cleaning opera- 
tion has been examined i n  our coal-preparation laboratory during the treatment o f  a 
subbituminous coal and a lignite from Yashington and a subbituminous coal from 
Oregon. Hot only vas it found that particle-size disintegration through softening 
and dispersion of colloidal matter was of importance, but also that the la t t ice  
structure of the particular clay minerals nhich rendered it susceptible to  swelling 
and consequent reduction i n  apparent density was of @eat significance. 

In 

The more common tendency of geologically younger shale associated w i t h  low- 

Thermal Analysis 

in  the three coals are shown i n  figure 1. These data characterize a l l  of the clays 
as bentgnitic, with sodium and calcium montmorillonite minerals predominating. One 
characteristic property of montmmillonites i s  their extremely small particle size 
and hence the ab i l i t y  t o  form fa i r ly  stable suspensions in  water. 

Interpretation of the D!U curves i n  the figure i s  considered t o  characterize 
szmple 1, from the B i g  Dirty Bed, Jewis  County, Wash., as jr incipally sodium mont- 
morillonite; sample 2 from the Southport bed, Coos County, Creg., contains mainly 
calcium montmorillonite with some i l l i t e ;  and sample 3, the l ignite from near 

Differential thermal analyses (m) of the principal interbedded impurities 
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Figure 1. Differential-thermal-analysis curves. 

Figure 2. (Left to right). Swollen clay in 1.50 to 1.60, 
1.60 to 1.70, aud 1.70 t o  1.80 density fractions of subbitu- 
minous coal from Lewis County, Wash., size 314 to 1 l/Z inches. 
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Svelling is due to  water penetration between the la t t ice  layers. The follow- 
ing tabulation shows the extent o f  relative swelling of the princi 1 impurities of 
the three coals, as determined ty a commonly used swelling tes t  (2P 

Volume incre ase. Der cent - ~~ 

1. - B i g  Dirty bed, Flash. 100 114 

25 25 3. - Toledo lignite,  Vash. 2. - Southport bed, Oreg. 75 75 

The clay from the Big Dirty bed was hand picked from a 1.5 to 1.6 specific 
Its swelling i l lustrated the magnitude o f  the density change gravity fraction. 

that night be encountered in cleaning young coals, and also explains why clay was 
present in  the 1.5 to 1.6 fraction. 

Washington Subbituminous Coal 

deposit w i t h  sufficient reserves of relatively low-cost coal to be of interest  for 
onsite pover generation, despite i t s  low grade. 
i n  the raw condition has the following analysis8 

The first coal examined was from the Big Dirty bed i n  .Lewis County, Wash., a 

It is subbituminous B in rank, and 

AiufaQ& L k i S J u m a a  - 
Moisture, percent 20.0 ---- 
Volatile matter, percent 28.6 35.8 
Fixed carbon, percent 27.9 34.8 
Ash, percent 23-5 29.4 
Sulfur, percent 0.6 0.8 
B.t.u., per pound 7240 9050 
&-softening temperature, OF. -- 2250 

The fresh coal i s  strong, res i s t s  degradation, and has a Hardgrove grindability 
index of 35 t o  40, depending on i t s  degree of freedom from impurity. If allowed to 
dry, however, the coal rapidly develops shrinkage cracks and becomes quite friable. 

blashability Examination. A 28-ton sample of coal was obtained for  examina- 
tion, about 3 tons f o r  specific-gravity analyses, and the rest  for  cleaning t r ia l s .  
Special precautions were observed in  preparing the samples for float-and-sink tests 
to insure against drying, aich would have altered the particle size of both the 
coal and the clay. All sizes of coal coarser than 20 mesh were tested i n  aqueous 
solutions of  zinc chloride, using each 0.1 interval i n  specific gravity from 1.30 
t o  1.80. Material finer than 20 mesh WFS air-dried and was tested in  organic 
liquids of  the same densities. 

high ash contents of  the specific-gravity fractions between 1.40 and 1.80, particu- 
larly in the coarser sizes, occasioned by the swelling nature of the clay. For 
example, i n  the 4- t o  2-inch size, the 1.70 t o  1.80 fraction analyzed 75.4 percent 
ash, bbereas about 50 percent ash would be normal: similarly, i n  the next lighter 
fraction, the ash content was 65.9 percent, instead of the usual 40 to  45 percent. 
These high ash contents confirmed the visually observed anomaly that free pieces of 
clay, derived from partings within the coal bed, were present in  a l l  specific-grav- 
i t y  fractions heavier than 1.40. Figme 2 i s  a photograph of several o f  the densi- 
ty  fractions of  the 3/4- t o  1 L/Z-inch size, showing the presence of  clay. 

O f  special interest  i n  these analyses, shown in  table I, was the abnormally 
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TBBLE L. - SDecifl c-mavitv a n w s  of raw coal B i R  t v  bed 

Size, inches 

Weight, 22.2 percent 
4 t o  2 

2 t o  1/4 
Weight, 58.2 percent 

1/4 t o  0 
Weight, 19.6 percent 

Moisture-free hsis  

Specif I C  - 
Under 1.30 
1.30 t o  1.40 
1.40 t o  1.50 
1.50 t o  1.60 
1.60 t o  1.70 
1.70 t o  1.80 
Over 1.80 

mder 1.30 
1.30 t o  1.40 
1.40 to 1.50 
1.50 t o  1.60 
1.60 t o  1.70 
1.70 t o  1.80 
we 1.80 

Under 1.30 
1. 0 t o  2.40 

1.60 t o  2.70 
1.70 t o  1.80 
Over 1.80 

1. 2 o t o  1.50 
1.50 t o  1.60 

reight- &hs/ 
l2fzEnL- 

10.4 6.7 
59 -5 13.5 
12.1 32.5 
6.0 54.7 
3-8 65.9 
1.8 75 -4 
6.4 80.9 

8 -3 6.4 
56.1 11.8 
13.3 28.7 
5.4 43.9 
2 .6 57.8 
2.0 70.6 

3.2.3 84.3 

1.7 6.3 
45.2 a .4 
12.6 19.6 
6.9 29.5 
3.9 39.3 
2.4 47.7 

27.3 81.9 

fEgP%@- 
oercent;Dercent 

10.4 6.7 
69.9 12.5 

88.0 ia .I 
91 .a 20.1 

82.0 15 -4 

21.2 
100.0 93*6 25.0 

8.3 6.4 
64.4 11.1 
77.7 14.1 
83.1 16 -1 
85.7 . 17.3 
87.7 18.5 

loo. 0 26.6 

1.7 6.3 
46.9 8.3 
59 -5 10.7 
66.4 12.7 
70.3 14.1 
72.7 15.2 
100.0 3394 

from the 4- t o  2linch size fraction and were tested individually in solutims of 
zinc chloride, with the results shown in the follooling tabulation. 

Moisture-free 
f i c  €T a v m  W e i d t - a e r c a  ash. u e r m  t 

1.40 t o  1.50 18.8 52.9 
1.50 t o  1.60 22.9 72.6 

1.70 t o  1.80 10.9 88 -3 
1.60 t o  1.70 16.3 85.8 

Over 1.80 31.1 89.1 

The ash content of 52.9 percent for the lightest particles showed that imbedded 
coal was present, but the high ash contents of the other density fractions indicated 
that they were essentially pure clay. 

mcdel of a full-size bum-ty-pe jig In every respect except that i t  had sep ra t e  
elevators for the draw and hutch refuse. The draw product was removed from the upper 
surface of the screen, and the hutch pssed t h rough  perforations in the screen. The 
j i g  was a 3-ceii, single-conpartmat unit having a nominal c a p c i t y  of 5 t o  6 t o n s  
per hour, 

Operation was entirely an fresh water, a l l  of which was metered. &Except for  the 
negligible proportion entrained in the refuse products, all this water left the 

Cleaning Trials Kith Jig. The jig employed in the cleanlng t r i a l s  was a scale 

The jig was adjusted t o  remove only the impurity of over 2.65 specific gravity. 



- 5 -  

system as the overflow of a 6- by 20-foot drag-settling tank i n  which the washed 
coal VBS deh%tere&; th i s  overflow vas sampled continuously to  determine the amount 
and mture of the  suspended solids. 

?he ancunt of coarse clay observed entering the jig i n  the feed compred with 
that leaving in the draw refuse made i t  evident that much of the  clay was being 
eisintegrated in the bed and either was reporting t o  the hutch or leaving as f inely 
alvibed soiids suspended in the water. Occas iml  p t i c l e s  of clay, ranglng up t o  
l/2-inch size,  vere observed i n  the vasheO coal. 

i t y  of the pk t i c t s :  
"Le fcllowlzg tabulation shovs the material balance for the t r ia l  and the qual- 

Moisture-free 
Produc t W&&t -oercent ash. Der cent 

Mashed coal 76.4 
Draw refuse 7 -5 
Hutch refuse 5.0 
Slimes 1l.i 

Total 100.0 

16.9 
72.4 
68.4 
73.7 
29.9 

The slimes, that i s ,  the  solids sipended i n  the water, amounted t o  11.1 percent of 
the j i g  feed, nearly equaling the conbined amount of the  draw and hutch refuse. The 
high ash content of these solids indicated they were predominantly clay. 

tabulat 1 on: 
The effectiveness of the jig In removing Impurity is  shown i n  the following 

Size, inches Sink 1.70 in washed 
dlLu4wL - 

2 t o  1/4 0.5 

20 t o  0 31.1 
1/4 t o  20 2 .4 

Althougfi the removal of inpurity from the  s ize  c m s e r  than 1/4 inch vas excellent, 
and elimination i n  the l /L inch  to  20-mesh fraction was f a i r ,  the washed coal finer 
than 20 mesh was badly contaminated with clay. Many clay particles that did not 
disintegrate f ine enough t o  become suspended in the water, and were not coarse 
enough t o  be drawn down into the refuse bed, adhered t o  coal mr t i c l e s  or were me- 
chanicelly entrapped in the coal. 

The recovery efficiency of the cleening t r i a l  was 96 percent: that i s ,  the 
yield of washed coal amounted t o  96 percent of the theoretical yield of coal of 
that ash content shown t o  be present i n  the feed by specific-gravity analysis. 
This efficiency i s  rather low for  a separation at 1.65 specific gravity, and i s  
a t t r i h t a b i e  largely t o  the poor elimination of clay in the f inest  sizes. 

in  which a suspension of magnetite in  water i s  used, comprises a 24- by 30-inch 
drum-type separating vessel, a 12-inch densifier, a 12-inch mgnetic separator, 
and a 26-inch by 9-foot vibrating screen, together with necessary pumps and con- 
veyors for handling materials, a l l  arranged in a CO~VentiOnal flowsheet. The sepa- 
rating vessel i s  a scale model of a WIdely-USed commercial unit. With a 4-ton-per- 
hour feed rate  and the medium f l o w  employed i n  t h e  tes ts ,  t h e  conceotration of coal 
i n  the separating bath and the retention time were roughly comparable t o  those in 
full-scale equipment . 

Cleaning trial Xith Dense-Kedium P l l o t  Plant. The dense-medium pilot plant, 



The feed f o r  this cleaning t r i a l  was 2- t o  1/4-f.nch in size. Dif'ficnlty ' ~ w 9  
wmienced  in  screening at 1/4 inch, even thoagh strong vster sprays uere used arr 
the vibrating screen. The sticky nature of the clay precluded effective mapal 
of nndersize. The naterial balance for the t r i a l  follonsz 

Moisture-free 
Product mt -cerc& ash. w e a t  

Vashed coal  82.9 
Refuse 9.0 
Magcet ic -  s e p a t  or t ai Is 8.1 
brapasite feed 100.0 

18.1 
79 00 
71.8 
27.9 

The amount of magnetic-sewator tailing was considerably higher than generzlly 
encountered because of the poor feed prepration mentioned f?arUer and tfie ng, 
stable nature of the clay. 

At  the s ta r t  of the t r i a l  the medium, which had a specific gravity of 1.69, 
contained 7 percent of nonmagnetic nraterfel and hed a vfscosity of 5.3 centipaises. 
A t  the end i t  contained 25 percent of nonmagnetic naterial and i ts  viscosity vas 
7.7 centipoises. In a commercial plant unasnallg high medium-cleaning capacity 
vonld have t o  be provided t o  maintain medium of suitable qaellty. 

Nun;erons pieces of clay were observed In the washed coal. Although most of 
them were finer than 1/2 inch, and many were slnaller than the lh-inch bottom size 
of the feed, some plastic pieces coarser than 1 inch were presest. !%e clay YBS 
present in larger amounts and coarser size  than in the washed product f r o m  the jig. 
The layer of float loaterial In the dense-mediun bath is  relatively mescent and 
therefore s o f t  Fieces of clay that would be disintegrated by the sfiprlng and 
scrubbing zction in a j i g  bed pssed Over the densemedim b t h  in their arfgkal 
form. A specific-gravity analysis of the Clay cmtamillating the washed CCaL (re- 
soved by hand picking) is shown in the fol loving tabulatim. 

IC mav &i&t -Dexes  

1. 0 t o  1.40 3.4 
6.7 

13.3 1.50 t o  1.60 
1.60 t o  1.70 35.0 
1.70 t o  1.80 25 -9 
mer 1.80 15.7 

1. 2 o t o  1.50 

The recovery efficiency f o r  this tes t  was W.0 percent, lmiicr-tlng that there 
was l i t t l e  loss of coel in the refuse -crcdnct. IR c c q x l n g  this efficiency wi'h 
thzt of the jig, however, it must be horne in mind that the jig was treating mier- 
i s 2  down t o  0 size, whereas the dense-medium eqnipment only treated material coarser 
t h n  l/4 inch. 

%ashii@cn Wgnite 

tiorr, l s  a l igni te  occnrriog 
E Y  C o a l  f o l l ~ :  

Another deposit Investigzz:& Secanse of Lts ptential fur ansite power genera- 
'sc:&o, in M s  CmtS (2). The analpsis of the 
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AlLu2m& MQlstme - fret2 
Moisture, percent 34.1 ---- 
Volatile matter, percent 22.6 34-3 
Fixed carbon, percent 19.3 
Ash, percent 24.0 
Sulfur, percent 05 -7 
B.t.u., per pound 5,070 7,700 

23 
when fresh the l ign i te  i s  tough and res i s t s  degradation, but on drying it disin- 

tegrates practically t o  a powder. The bed contains numerous partings of clay; most 
are  friable compared t o  the coal. Thus, as shown by t he  specific-gravity analyses in 
table 11, the impurity tends t o  concentrate in the f iner  sizes. Material f iner than 

TABLE 11. - 1 w 0 l leni t e  

ative . 
Specific Weight- Ashy Wei&vl Ashv 
mavitv Dercentl?!z!a&wrcentDercent 

17.3 
49*3 21.1 

1 4 2  to  20 Under 1.40 49.3 17.3 
17.0 66.3 
16.4 2;:: 82.7 25.6 

Weight, 95.6 percent 1.40 t o  1.50 
1.50 t o  1.70 
Over 1.70 17.3 75.9 100.0 34.3 

Under 20 Under 1.40 2.4 9.4 2.4 9.4 
Weight, 4.4 percent 1.40 t o  1.50 13.6 18 .8 16.0 17.4 

1.50 t o  1.70 23.6 32.4 39 e6 26.3 
Over 1.70 60.4 76.4 100.0 56 -6 

45.9 17.3 

1.50 t o  1.70 16.3 43.1 78.6 25.7 
Over 1.70 21.4 76.0 100.0 36.4 

I 7 O 3  62.3 21.1 
Composite, 1 4 2  t o  0 Unds! 1.40 45.9 

Weight, 100.0 percent 1.40 t o  1.50 16.4 31.7 

1/ Moisture-free basis 

20 mesh contained 60 percent of sink 1.70, conwed with 17 percent in the plus-20- 
mesh size. 

A cleaning t r i a l  on th i s  material i n  the hum-type j ig  provided the results 
summrized in the f o l l o u i n g  tabulation. 

&gauct Weleht-Dercent Ash.  Derc- 

Washed coal 75.1 25.1 
Refuse 14 .2 70.5 
SLimes 10.7 70.5 

Tota l  100.0 36 .4 
This clay did not swell enough t o  cause a troublesome decrease in density, but 

it disintegrated readily in the jig bed and became snspmded i n  the water. Thus, 
10.7 percent of the j ig  feed, nearly equaling the combined amount of draw and hutch 
refuse, l e f t  the system with the overflow of the washed-coal drag-settling tank. 

Oregon Subbituminous C o a l  

The third coal investigated was from the Southport bed, Coos €by f ie ld ,  
Oregon. It i s  subbituminous B in rank and does not weather or  slack as readily as 
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. the two discussed previously. An analysis of the raw coal is shown in the follovlng 
tabulation. 

&u?zeua ture-free 

Moisture, percent 16.2 

Fixed carbon, percent 36 04 

B.t.u., per pound 8,673 

Volatile matter, percent 29.2 

Ash, percent 18.2 
Sulfur ,  percent .8 

The coelbed contains a 7- t o  8-inch parting of clay which swells readily, .is 
rather friable,  and therefore contaminates predominately the finer sizes of coal. 
As shown by the specifhc-gravity analyses i n  table 111, the fraction finer than 20 

TBBLE 111. - m a  avitv an alnes of r aw Coos Bav coa: 

W h e s  and me sh 

2 t o  20 
Weight, 92.1 percent 

Under 20 
Weight, 7.9 percent 

Composite, 2 t o  0 
Weight, 100.0 percent 

Specif ic  
mavitv 

Under 1.40 
1.40 to  1.50 
1.50 t o  1.70 
Over 1.70 

Under 1.40 
1.40 t o  1.50 
1.50 t o  1.70 
Over 1.70 

M e r  1.40 

1.50 t o  1.70 
1.42 t o  1-50 

Over 1.70 

Weight- 
z?a!aL 

73.2 
10.4 
3.5 
12.9 

49.0 
11.0 
7.1 

32.9 

7 1  -3 
10.4 
3.8 

14.5 

1/ Ash, 
lEx!x& 

20.6 

81.2 

8 .O 
18.4 
32.9 
80.3 

9.0 
20.4 
3 -5 
81.0 

9-1 

37.1 

l z 2 x G m L m  

73.2 9.1 
83.6 10.5 
87.1 11 .6 
100.0 20.6 

49.0 8.0 
60.0 9.9 
67.1 
100.0 

71.3 9.0 
a 0 7  10.5 
e: -5 11 -5 

$2 

100.0 21.7 

Moisture-free basis 

mesh contained 32.9 percent of heavy impurity, whereas the coarser size contained 
only 12.9 percent. 

The behavior of t h i s  clay In the laboratory kmtype jig differed from that of 
the other two described previously. When exposed t o  water, much of it disintegrated, 
but not t o  the fine particles that becone suspended in the water. The disintegrated 
particles were of the size that reported predominately t o  the hutch product. As 
shown in the following tabulation, 5.8 percmt of the feed, representing a substan- 
t i a l  portion of the t o t a l  clay, was removed as hutch refuse. 

Moi sture-free 
product &i&t-Dercent ash. D ercenfr 

Washed coal 83.2 
Draw refuse 7.6 
.Hutch refuse 5.8 
Slimes 3.4- 

11.9 
68.7 
56 09 
93.3 

Another 3.4 percent of the feed was virtually pure clay cnswnded in tk;e sperflov 
of the washed-coal drag-settllng tank. 
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This clay differed from the others in another respect also. More of it formed 
plastic masses into which particles of clean coal become imbedded. These aggre- 
gates of clay and coal were light enough t o  cause them t o  report t o  the clean-coal 
product, thus lnterferrlng v l th  elimination of the clay. 

Conclusions 

eralization, because coals a r e  inherently variable, each one presenting i t s  own 
peculiar preparation problems. However, the similarity in the characteristics of 
the clays associated with these three coals suggests that these properties may be 
common t o  many of the clays associated with low-rank coals. 

w 

Esrperlence in cleaning only three low-rank coals affords l i t t l e  basis far  gen- 

The pronounced tendency of these clays t o  disintegrate in water, t o  farm plas- 
t i c  masses, and t o  swell wlth resulting decrease in density, have definite impllca- 
tlons in terms of the design and operation of preparation plants. First, water 
clarification w l l l  be diff icul t  and costly, involving extra f i l t e r  capacity or set- 
t l ing ponds. Flocculation m y  be a preprequisite for acceptable f i l t e r  capacity or 
adequate settling. Second, owing t o  a combination of particle size, sticklness, 
and swelling, this type of clay cannot be eliminated In washing as completely as 
the  usual shales. Third, the j ig  offers certain advantages in dealing wlth clays 
that swell. The shearing, scrubbing action of the j ig bed disintegrates and sus- 
pends in the wash water pieces of clay which otherwise would report t o  the clean 
product, leaving f ina l  elimination of the clay t o  a subsequent liquid-solid sepa- 
ration. 
gravity-concentrat ing device . 
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DISTRIBUTION OF MAC- I N  TEE PRODUCTS OF 
VARIOUS COAL CLEANING PROCESSES 

Shiou-cham Sun and S. M. Cohen 

Pennsylvahia S ta t e  University 
University Park, Pennsylvania 

Coal is comprised of several  petrographic consti tuents,  which a re  ca l led  
These macerals, d i f fe r ing  from maceralsl3 i n  analogy with the  minerals i n  a rock. 

each other i n  t h e i r  physical and chemical properties,  govern the  technological 
properties of coal. For example, i n  the case of coking coal,  t h e  carbon-rich 
“carbinite” macerals such as fus in i te ,  semi-fusinite, and micr in i te  a r e  i n e r t  on 
heating, and consequently reduce the caking index. The hydrogen-rich “hydrinite” 
macerals l i k e  ex in i te ,  r e s in i t e ,  and a lg in i t e  decompose on heating in to  p l a s t i c  
m e l t  and tar. In  contrast ,  the maceral v i t r i n i t e  cons t i tu tes  t he  a c t u a l  coking 
principle.  

For the sake of more e f f i c i e n t  u t i l i za t ion ,  numerous attempts have been 
made i n  research labora o r i e s  fo r  separating coa l  mac rals by means of controlled 
crushing and s i z i n d ,  5 J Q j 9 ,  heavy l iqu id  separatian2r‘,l0, and f l 0 t a t i o n ~ , 7 , ~ ~ ,  bu t  
no similar study has been made in commercial coal preparation p lan ts .  !The object 
of this work was t o  determine the  e f f ec t s  of various concentration methods on the 
d is t r ibu t ion  of macerals i n  the products of two Pennsylvania bituminous coal cleaning 
p lan ts .  Also determined were the sulfur and ash contents of the  fractionized maceral 
concentrates. 

Experimental. 

Each coa l  sample w a s  first crushed and pulverized t o  minus 100-mesh and 
then ground t o  minus 10-micron. About 5 grams of the ground sample was mixed with 
200 ml. of an aqueous zinc chloride solution i n  a glass bo t t l e ,  and ag i ta ted  fo r  
14 hours. 
concentrates” according to  the float-and-sink method of Figure 1. 
was used to  a id  the separation. The concentrates thus obtained were washed, dried,  
weighed, analyzed chemically f o r  t h e i r  ash and sulfur content, and examined microscopi- 
c a l l y  for t he i r  petrographic composition. 

The resu l t ing  suspension w a s  separated in to  f ive  d i f f e ren t  ”maceral 
A centrifuge 

The procedure of microscopic examination consisted of mounting each maceral 
concentrate with paraplex. 
a Leitz, Panphot microscope with 750X resu l tan t  magnification and arc  illumination. 
A se r i e s  of traverses, one millimeter a p a r t ,  were completed on each block u n t i l  a 
t o t a l  of 300 e n t i t i e s  had been ident i f ied  and counted. The r e su l t s ,  as given i n  
Table I, were used a s  a basis f o r  calculating the d is t r ibu t ion  o f  macerals i n  the 
products of various coa l  cleaning processes. 

Results and Discussion. 

The mounted sample w a s  polished, and then examined under 

Figure 2 shows that the percentage recovery of macerals i n  the two Pennsylvania 
coa l  cleaning p lan ts  decreases i n  the order of ex in i te ,  vitrinite, micrinite,  fu s in i t e ,  
and mineral matter, i r respec t ive  of the  employed concentration method. This is caused, 
i n  the  case of gravity concentration, by the increase of the density of the  macerals 
i n  the same order. The reason f o r  the d i f f e ren t  f l o a t a b i l i t i e s  of the  macerals l i e s  
i n  the  variation of t h e i r  chemical composition, as indicated p a r t l y  in Figure 3. 
de ta i led  explanation has been given i n  a previous publication.12 

A 
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Figure 2 shows also t h a t  t he  r e l a t ive  effectiveness of the var ious 
concentration methods f o r  separating the desired m c e r a l s  vitrinite, exinite, 
and micrinite f rom t h e  undesired maceral fusinite and mineral matter decreases 
generally i n  the order of heavy media, Rheolaveur, tabllng, and f lo ta t ion .  
is due, as shorn i n  Table 2, ch ief ly  t o  the  decrease of t he  p a r t i c l e  s ize  of 
coals t rea ted  by these processes in t he  same order. 
a tendency of indiscriminate flocculation, are more d i f f i c u l t  to clean than coarse 
ones. Comparing with p a r t i c l e  s i z e ,  the  influence exerted by the petrographic 
composition of the  tes ted  coa ls  is r e l a t ive ly  ins igni f icant ,  because of limited 
variation. 
by a l l  the  tes ted  concentration methods than the  rest of macerals. 

Tbis 

Fine coa l  par t ic les ,  having 

The summation curves3 show that vitrinite i s  more selectively upgraded 
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. 
Float-1 2 n d ~  solution 

density 1.225 Rich in exini te  

I 

Zd12 solution 
density 1.35 

- , Float-2 
4 Rich in v i t r i n i t e  !. 

a 

I' 
Sink 

I 
sink 

Float-3 
Rich in micrinite 

Z&12 solution 
density 1.45 I 

sink 

Float-4 
density 1.55 Rich in fus in i t e  

Sink 
Rich in mineral matter 

Figure 1. The Float-and-Sink Method Used 
for Fractionizing Coal Macerals. 

\ 

\ 
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Figure 2. 
Concentration Methods i n  Two Pennsylvania Bituminous 
Coal Cleaning Plants. 

The Upgrading of Macerals With Various 

Petrographic constituents: E, exinite; V,  v i t r in i t e ;  
M, micrinite; F, fusinite;  A, mineral matter. 
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Figure 3. The Ash and Sulfur Content of Ractionized 
Coal Maceral Concentrates. 
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Fractionized 
maceral 
concentrate 

Exinite 

V i t r i n i t e  

Micr i n i t  e 

Mineral 
matter 

Volume Percentage of petrographic consti tuent 
Mineral Intended 

Fxinite Resini te  V i t r i n i t e  Micrinite Fusinite matter constituent 

5 5 67 4 18  1 10* 
1 10 79 6 3 1 79 

4 1 72 12 10 1 1 2  

Trace Trace 16 2 1 2  70 70 

Table 2 .  
f o r  the Various Concentration Processes of Two Pennsylvania Coal 
cleaning Plants. (volume $> 

The P a r t i c l e  Size and Petrographic Composition of Feeds 

Flotat ion 

-48 mesh 

5.30 

60.52 

6.64 

11.21 

16.36 

Particle 
s i z e  and 

' petrographic 
compos it ion 
of feed 

Particle 
s i z e  

Exinite 

Vitr ini  t e 

Micrini te  

Fusini t e 

Mineral 
matter 

Plant B 

Heavy Rheola- 
media veur Tabling 

1/4" x 8" 1/4" x 0 1/8" x 0 

6.95 8.59 9.57 

57.56 62.18 65.61 

4.79 4.22 4.99 

8.17 14.31 7.65 

22.52 10.69 12.22 

Heavy 
media 

{8'! x 6" 

6.26 

53.60 

4.20 

9.81 

26.21 

Plant  A 

Rheola- 
veur 

3/81? x 0 

7.50 

64.07 

5 .72  

8 .38  

14 .34  



- 17 - 

Li te ra tu re  c i t e d  
J 
i 

I 
1. 

2. i 

3. 
J 

v 

4. 
t 

5 .  

I’. 6. 
t 

t 

B 
7. 

8. 1 

9. 

i 
! 10. 

b 

11. 

12. 

13. 

Anon., The Petrographic Preparation of Coals f o r  Coking, Coke and Gas, 
pp. 246-256, (July 1956). 

Alpern, B., Proprietes Physico-Chimiques e t  Cokefiantes des Maceraux de 
Quelques Charbons en Fonction de Leur Degre de Houil l i f icat ion,  
Proceedings of the Internat ional  Committee fo r  Coal Petrology, 
(Liege, Belgium), No. 2, pp. 43-46, (1956). 

G i l l i e s ,  G. A., Lyle, A. G., and Dunkle, J. D., A Graphical Method for  
Evaluating Select ive Flotat ion Tests,  Technical Publication 1409, 
Mining Technology> AIKpI, Vol. 6, pp. 1-12, (February 1942). 

Horton, L., Separation of Coals Into Fractions of Different  Densities, - Fuel, Vol. 31, pp. 341-354, (1952). 

Lehmann, K., and Hoffmaa ,E . ,  Coal Dressing from Petrological Point of 
V i e w ,  Gluckauf, Vol. 67, pp. 1-14, (1931). 

Maier, L. M., Tzuiceranian, L. E., and Luisenl, P. D., Estimation of 
Fusain from Coal by Means of Flotation, Coal and Chem., (USSR), 
NO. 5-6, pp. 104-112, (1934). 

Price,  F. C., Treatment of Coal, U. S. Patent 1,499,872, (July 1, 1924). 

Stevens, J. L., The Petrographic Treatment of Coal, Col l iery Guardian, 
Vol. 142, pp. 572-6 and 667-8, (1931). 

Sasaki, Noburo, Improvement of Coking Abil i ty  by Petrographical 
Grinding of Coals, Journal of Coal Research I n s t i t u t e  (Japan), Vol. 6, 
pp. 321-9, (1955). 

Sasaki, Noburo, Petrographical Preparation of Coals, Journal of 
Coal Research Ins t i t u t e ,  (Japan), Vol. 6, pp. 400-6, (1955). 

Sasaki, Noburo, Distr ibut ion of Petrological Constituents of Coal 
Prepared by Flotation, Journal of Coal Research I n s t i t u t e ,  ( japan) ,  vel. 1 
pp. 67-73, (1950). 

Sun, S. C., Hypothesis f o r  Different F l o a t a b i l i t i e s  of Coals, 
Carbons, and Hydrocarbon Minerals, Trans. AIME, Vol. 199, pp. 67-75, 
(1954) 

Van Krevelen, D. W., and Schuyer, J., Coal Science, pp. 50-75, (1957), 
Elsevier Publishing Co., New York 



-19 - 

FACTORS IN EVALUATION OF NEW METHODS OF LlBERATION AND SEPARATION 
OF PYRmTE AND CrrHw MINERAIS FROM COAL 

Wurice Deul 

Bituminous Coal Research, Inc .  
121 Keyran Avenue at Forbes 
Pittsburgh 13, Pennsylvania 

Introduction 

Present methods of coal  cleaning are based on one o r  more of these  common 
fac tors :  

(1) appearance - as i n  hand cleaning 

(2) shape and toughness - as i n  Bradford-type ro ta ry  breaker 

(3 )  spec i f i c  gravi ty  - as i n  pneumatic cleaning, jigging, and 
heavy media separation 

(4) surface phenomena - as i n  f ro th- f lo ta t ion  or o i l  agglomeration 

Elec t ros ta t ic  separators  are widely used i n  mineral beneficiat ion,  espec ia l ly  for 
beach sands, but have not achieved much acceptance i n  the  coa l  industry.  

Before considering f ac to r s  involved i n  new methods of l i be ra t ion  and sep- 
a ra t ion  of mineral matter from coal, the  l imitat ions of the  methods already i n  use 
should be recognized. 
a d i s t i n c t  lack of appreciat ion f o r  t he  mode of occurrence of mineral matter i n  coal .  
Iarge sizes of coal  can be economically cleaned by simple grav i ty  methods and s u i t -  
able products are prepared f o r  the market by crushing and screening the  cleaned 
coal .  
(b) blended uncleaned with la rger  s izes ,  (c )  r a re ly  cleaned and sold as a separate 
product, o r  (d)  discarded. With ever increasing appl icat ion of mechanical mining 
techniques the Larger proportion of f i n e s  produced now prohib i t s  any coa l  t o  be 
discarded other t h a n  extreme f ines ,  and even these f ines ,  because of water c l a r i -  
f i c a t i o n  problems, are being recovered a t  some preparation plants .  

These l imi ta t ions  a re  mainly economic but  some are based upon 

Fine coal  i s  e i t h e r  ( a )  cleaned separately and blended with l a rge r  s izes ,  

There is no problem i n  beneficiat ion *ere mineral matter i n  the form of 

Ordinary j igging or t h e  use 
la rge  pieces of roof and f l o o r  rock, th ick  par t ings,  large concretions or lenses 
of clay, shale, and py r i t e  are the  comon impuri t ies .  
of a sand cone will readi ly  remove these gross impurities from t h e  coal. 
and removal of large, tough, tabular  pieces of rock and mineral i s  simply performed 
by the Bradford rotary breaker. 
coa l  preparation apparatus are given i n  "Coal Preparation," ed i ted  by D. R. 
Mitche 11. (l) 

Separation 

The d e t a i l s  of these devices and almost every other  

Fine coal cleaning may be considered from two d i f f e ren t  viewpoints, de- 
pending on t h e  nature of the  coal  and its associated impuri t ies  and depending on 
the  ultimate m r k e t .  Where a low grade coa l  i s  being processed the  f i n e  coal  may 
not require  cleaning p r i o r  t o  blending with other  coa l  unless t he  percentage of 
non-combustibles is so high a s  t o  severely a f f e c t  the qua l i ty  of the  e n t i r e  blend. 
For premium grade coal, espec ia l ly  metal lurgical  coal, the  f i n e s  may represent an 
appreciable percentage of low-sulfur coa l  - an i r replaceable  commodity. 

Fine coals, down t o  about 48 mesh, may be cleaned on concentrating tables, 
or by f ro th  f lo t a t ion ,  a process which is r e s t r i c t ed  almost exclusively t o  the pre- 
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mium low-sulfur coals. With a su f f i c i en t  number of c e l l s  it appears t h a t  there  i s  
no lower limit t o  the s i z e  of the  coal cleaned by f ro th  f lo t a t ion .  
washing f ine  coa l  t ha t  have recent ly  been introduced from abroad are modifications 
and extensio s of the equipment a l ready used i n  coal  p r e p r a t i o  
fe ldspar  JigT2) and the  Dutch S ta t e  Mines heavy medium cyclone. 

Tu0 methods of , 

Some concept of the W n i t u d e  of f i n e  coal  cleaning is t o  be gained 
from inspecting the data i n  Table I which shows the tonnages and percentages of 
bituminous coals and l i g n i t e  mechanically cleaned i n  the  years 1948 and 1958. 

TABLE I. COMPARATIVE DAW FOR BITUMINOUS COAIS LIGNITES 
MXCEIAN1CAI.U CLEANED DURmG 1958 AM) 1948 4% 

1000's of N e t  Tons Percentage of Total 
1948 1953 1948 - 

J igs  115 9 321 87,500 44.5 48.4 
Concentration Tables 18,142 4,360 7.0 2.4 
Class i f ie rs  8,793 18,304 3.4 10.1 
launders 6,768 16,768 2.6. 9.3  

Jigs and Tables 10,076 5,252 3.9 2.9 
Dense Medim. Processes 52,735 20,638 20.4 11.4 

Other Combinations 28,318 11,816 10.9 6.5 
Pneunratic 18;882 16,216 7.3 9 .o 

Tota l  259,035 180,880 loo .o 100 .o 
Percentage of Total  Coal . 

Production Mechanically 

Percentage of Refuse D i s -  
Cleaned 63.1 30.2 

carded From Raw C o a l  19.3 16 .o 

These f igures ,  taken from the  Bureau of Mines Yearbook f o r  1958(4) a re  the  l a t e s t  
such complete data publicly ava i lab le .  The twofold increase i n  the percentage of 
coa l  mechanically washed from 1948 t o  1958 is  not at a l l  surpr is ing since the r a t e  
of mechanical mining and machine loading has sharply increased during t h e  same 
time in te rva l .  Consequently, f i n e  coal  cleaning has become increasingly important, 
and s t a t i s t i c s  on f ine  coal  cleaning f a c i l i t i e s  show an upvard t rend i n  the  appl i -  
ca t ion  of the  older, es tabl ished methods of f ine  coal  cleaning. Acceptance of the 
newer techniques of f i n e  coal cleaning, such a s  appl icat ion of the  feldspar  j ig ,  
heavy nedia cyclones, and the  recent ly  repopularized f ro th  f lo t a t ion  of coal  f ines  
has not yet  reached the  level t h a t  s ign i f icant  t rends can be evaluated - b u t  shere 
can be no doubt t a t  there  w i l l  be an increase i n  the use of these techniques. 
from " C o a l  Age"(515 show t h a t  during 1959 seven f ro th  f lo t a t ion  p lan ts  with a con- 
bined capa ' t y  of 313 tons  per hour were contracted f o r  by the coal  industry, while 
"Coal Age"fk) shows t h a t  during 1958 eight  f ro th  f l o t a t i o n  plants  were contracted 
for ,  of which six had a combined capacity of 149 tons per hour w i t h  the capaci t ies  
of t he  other  2 plants  not disclosed.  A capacity of 462 tons per hour m y  not seem 
impressive, but the aggregate capacity of these new p l a n t s  alone, operating a t  two 
s h i f t s  a day f o r  only 200 days, becomes more than 180,000 tons a year. 

Data 

The appl icat ion of these  techniques t o  f ine  coa l  cleaning has resul ted 
i n  a decrease i n  the waste of a valuable raw material, and with proper care,at no 
reduction i n  the qua l i ty  of the  coa l  shipped t o  the.  consumer... 
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New Factors 

A l l  commercial processes f o r  cleaning coal  are based upon p r a c t i c a l a p p l i -  
Generally these sink and f l o a t  washability cat ion of standard washability tests. 

tests are adequate for coal  preparation p lan ts  which are designed t o  meet spec i f i -  
cat ions based on these tests. Wctors  that have not been considered i n  the  design 
of coal cleaning p lan ts  are: 

(1) Size d i s t r ibu t ion  of mineral pa r t i c l e s  i n  the  coal. 

( 2 )  Spa t i a l  arrangement of minerals through the  coa l  substance. 

(3)  Differen t ia l  g r indabi l i ty  of coa l  and i ts  const i tuents ,  and the  
influence of mineral matter composition on coal gr indabi l i ty .  

Size of Mineral Pa r t i c l e s  

Tae s ize  of mineral pa r t i c l e s  and t h e i r  d i s t r ibu t ion  is fundamencai t o  
t he  ;ms'hability charac te r i s t ics  of any coal. In d i n g  rout ine washsbi l i ty  t e s t s  
a t  any predetermined spec i f i c  gravi ty  the sole  control l ing f a c t o r  as t o  whether a 
f r ee - se t t l i ng  pa r t i c l e  will report  t o  the  aink o r  t o  the  f l o a t  f r a c t i o n  is the  
proportion of high-specific-gravity mineral matter i n  that pa r t i c l e .  
fragment s inks because a small s ingle  gra in  of mineral matter is  included, it is a 
r e l a t ive ly  simple matter t o  recycle that p a r t i c l e  t o  a crusher and t o  lnake the  
separat ion on a second pass. 
a l en t  amount of mineral matter as many small disseminated grains, r a the r  than as 
one large grain, simple crushing w i l l  f a i l  t o  re lease su f f i c i en t  mineral pa r t i c l e s  
from the  coal  t o  permit a clean separat ion by gravi ty  methods. 
has not been the  s i t ua t ion  f o r  many of t he  commercially important coals ,  otherwise 
beneficiat ion by the  r e l a t ive ly  simple means heretofore developed would not have 
been possible. 
which cannot be beneficiated t o  a more des i rab le  l eve l  of ash  and su l fu r  content by 
conventional coal  cleaning methods? 

Where a large 

But where a similar large p a r t i c l e  contains an equiv- 

Fortunately, t h i s  

The issue now is t o  w h a t  extent  does t h i s  condition p reva i l  i n  coals  

An est imat ion of the , re la t ive  s i ze  of mineral grains  in coa l  can be made 
from grain counts and s ize  measurements of minerals i n  surface sect ions of coal  by 
micrometric methods. In  the  example t o  be c i t ed  only measurements of py r i t e  gra ins  
were made because of t he  emphasis on su l fu r  i n  the  pro jec t  f o r  which the  research 
was conducted. Polished surface sect ions were made of samples of f i v e  test coals  
and of separates prepared f romthese  coals  as described here: 

(1) .raw run-of-mine coal  crushed t o  1/2" x 0" 

(2) f l o a t  f r ac t ion  (1.58 Sp. Gr.) of 30 mesh x 0" coa l  

(3)  sink f r ac t ion  (1.58 Sp. Gr.) of 30 mesh x 0" coal  

(4)  f l o a t  f r ac t ion  (1.58 Sp. Gr.) of 1/2" x 30 mesh coa l  

Micrometer measurements were made on at l e a s t  5@O t o  1000 pyr i t e  gra ins  from samples 
prepared from each of the  separates described for a l l  f i v e  test  coals .  These data  
are summarized i n  Table 11. While quant i ta t ive  a s  t o  the s i z e  of pyr i t e  grains 
relative t o  each other, t he  data  do not take in to  account the grouping or bunching 
of pyr i te  grains a t  any par t icu lar  locus or along a pa r t i cu la r  plane. 

mom the data i n  Table I1 it can be seen t h a t  a very large percentage of 
py r i t e  pa r t i c l e s  a re  extremely small, with from 70 t o  98 percent of t he  measured 
pa r t i c l e s  sna l l e r  than 20 microns i n  diameter. Yet, with such a range of s izes ,  
t he  relative weight percentage of these  pa r t i c l e s  ranges from a low of about 1.3 

. . .  .. 
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weight percent t o  a high of about 42.7 percent. This means t h a t ,  except f o r  the  
Kentucky No. il coal, the  amount of p y r i t i c  su l fu r  i n  py r i t e  grains  l e s s  than 2% 
microns in size is negl igible .  In contrast ,  f o r  three of the  coals, most of the  
py r i t e  is i n  grains  l a r g e r  than 75 microns (plus  200 mesh). 
be used i n  two ways: 
out a coa l  could, if no moderating,factors a re  involved, completely abrogate es tab-  
l i shed  coal  cleaning prac t ice ;  and, t o  show t o  w h a t  extent  these moderating f a c t o r s  
have influenced coa l  cleaning. Knowing t h i s ,  it may then become possible t o  apply 
t h i s  infonustion t o  improvement of coal  cleaning processes and t o  the beneficiat ion 
of coals, which, despi te  inherent ly  desirable  propert ies  and charac te r i s t ics ,  con- 
t a i n  too much f i n e  grained py r i t e  and other  minerals t o  permit t h e i r  u t i l i z a t i o n  i n  
the premium markets. 

This information can 
t o  show that dissemination of f i n e  grained minerals through- 

Arrangement of Minerals i n  Coal 

Table I11 shows what  might be expected from ce r t a in  coal-pyri te  mixtures 
if 
heartening t o  any preparation plant  manager. 
of pyrixe, s t h e  sample would sink at Specif ic  grav i ty  1.25, and =would f l o a t  
at spec i f ic  gravi ty  1.30. 

the  pyr i te  were uniformly disseminated. Such expectations would be most d is -  
For example, with two percent by volume 

TABU 111. SPECIFIC GRAVITY FACTORS FOR MMTURES OF PYRITE AND COAL 

lit- k Calculated Specif ic  
V O l .  $ Pyr i t e  wt. 4 Pyr i t e  Pyr i t i c  Sulfur  Gravity of Mixture 

1 4.04 2.16 1.238 
2 7 .@+ 4.18 1.276 
4 14.8 7.9 1.352 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Assume: Sp. G r .  Mineral-free Coal = 1.2, Sp. Gr. Pyr i te  = 5.0, 

Sp. Gr.  Non-Pyritic Minerals = 2.5 

Table N is a sonewhat more r e a l i s t i c  a r r ay  of f igures  sharing what coa l  
producers would be faced with if a l l  t h e  mineral mtter i n  coal  was present i n  a 
highly disseminated form. The ash  and p y r i t i c  su l fu r  f igures  i n  Table N a re  equiv- 
a l en t  t o  that of mny f ine ,  high grade premium coals  mined today. But ilnagine w h a t  
a dis-1 fu ture  any producer would have if a coa l  with 10 percent ash and almost 
two percent p y r i t i c  suLfur could not be grea t ly  beneficiated by washing at a 1.30 
spec i f ic  gravi ty? 

To know that the  washability of coals is  dependent upon the  amount and 
d i s t r ibu t ion  of minerals i n  coa l  is not enough. What is necessary is an understand- 
ing and appreciat ion of how the  minerals occur i n  every hard-to-wash coa l  of poten- 
t i a l  value. Research on methods t o  beneficiate  these  coals ,  though not immediately 
successful, must resul t  i n  techniques t h a t  would enhance the  washabi l i ty  character- 
i s t i c s  of a l l  other coals .  

mcroscopic examination of polished surface sect ions of coa l  shows t h a t  
the minerals i n  coal, and espec ia l ly  pyr i te ,  a r e  la rge ly  present i n  sone regularized 
pat tern.  Despite t he  seeming randomness of occurrence of pyr i te  and other  minerals, 
lar power mgni f ica t ion  shows individual  py r i t e  gra ins  t o  be concentrated i n  planar 
d i s t r ibu t ions  which a re  roughly, and of ten  idea l ly ,  parallel t o  the  bedding plane 
of the  coal .  
recognized in \  photomicrographs taken Kith re f lec ted  l i g h t  , is  representat ive of the  

This i s  i l l u s t r a t e d  i n  Figures 1, 2 and 3. Pyri te ,  which i s  so clearly 
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occurrence of other  
a d i f fe ren t  or igin.  \ 

nerals  which are interbedded with t h e  coal, but Which may have i 

TABLE IV. SPECIFIC GRAVITY, PYilITIC SULFUR AmD ASH DATA FOR 
MMTuRFS OF MlXEElAL MA-, PYRm AND C O A L  

Non-br i t  i c  
r i t i c  Sulfur  Kcheoretical Ash 

Sp. G r .  
Minerals Pyrite 

Vol. $ wt..., VOl. 5 u t .  $ , 

-- -- -- 1 2.6 

2 3:95 1 3.95 2.12 
4 7.75 1 3.87 1.94 
2 4.02 0.5 2.01 1.09 

1 1.9 1 4 .O 2.14 
3.1. 1.213 
4.3 1.251 
7.4 1.264 
10.1 1.290 
6 .O 1.245 

4 Assume: Sp. G r .  Mineral-free Coal = 1.2, Sp. Gr. Pyr i te  = 5.0, Sp. Gr. Non- 
P y r i t i c  Minerals  = 2.5 

3 Theoretical  Ash 20.5 + W t .  $ Non-Pyritic Minerals + W t .  ’$ Pyri te  (0.73) 

I The ready separation of coal from mineral partings within t h e  coal  bed is 
an  example of t h e  kind of bonding weakness t h a t  commonly e x i s t s  between the  layers 
of material which comprise a complete coal bed. Upon handling and primary crushing 
f u r t h e r  breakage takes  place along similar planes. When coa l  is crushed t o  even 
f i n e r  s i z e s  by some d i f f e r e n t i a l  method, t o  sake f u l l  advantage of t h e  planar ar- 
rangement of minerals on a microscopic scale, it w i l l  then be possible t o  design 
economFcal cleaning plants  f o r  f i n e  coal.  
f i n e  s izes  according t o  predetermined procedures based on d n e r a l  re la t ionships  es- 
tab l i shed  f o r  that coal. 
t h e  c o a l  is being prepared. 

I 

1 
1 

I n  such a plant coal will be reduced t o  

Subsequent separat ion w i l l  depend upon t h e  market for which 
1 

Limitations i n  Application of New Factors 

One of t h e  pr inc ipa l  reasons these new fac tors  have not been given ser ious 
consideration i n  t h e  solut ion of coal  cleaning problems is  t h a t  very l i t t l e  is known 
about r;he minerals i n  coal  o ther  t h a n  that they are undesirable impurit ies.  Another 
l imi ta t ion  nay perhaps be r e l a t e d  t o  t h e  first: 
sonnel now engaged i n  research on these problems. 
t h e  minerals i n  coal  and of t h e  var ia t ions i n  t h e  mineral matter content of coal  beds 
on a s y s t e m t i c  b a s i s  should have been supported for mny years. 

there  i s  a lack of qual i f ied per- 
Invest igat ions of t h e  nature of 

There has been too  much concern with sudden changes i n  bed charac te r i s t ics  
which may r e s u l t  i n  increased a sh  content o r  increased s u l f u r  content of prepared 
coals ,  and not enough i n t e r e s t  and concern f o r  the  carefu l  accumulation of data on 
minerals i n  coa l  which might indicate  why these var ia t ions i n  mineral matter content 
and s U u r  content do occur. 
minerals from c o a l  can be  appl ied on a wide scale,  a great d e a l  of data must first 
be developed so that engineering can be applied most e f fec t ive ly .  

Sefore new methods o f  l ibera t ion  and separation of 

1 

As i n  any other  widespread modern industry, standards and standard t e s t s  
provide a common bas is  f o r  exchacge of information and intel l igence for t h e  coal  
industry.  
t i c e .  
o r  modification of the  s tandards.  
merely recorded, col la ted,  reported,  and subsequently f i l e d  f o r  reference. 
tests a r e  at  a l l  worth-while doing then t h e  data from these tests should be evaluated 

Rigid o r  nearly r i g i d  adherence t o  standard tests i s  a comroendable prac- 
And t h i s  m y  be espec ia l ly  t r u e  if there  has been a b a t t l e  over the  acceptance 

Yet it appears that for many t e s t s  t h e  data a r e  
If the 

/ 
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and re-evaluated so t h a t  fur ther  t e s t i n g  or re-analysis of t he  data may have greater 
s ignif icance.  One such t e s t  is the  Hardgrove gr indabi l i ty  test. 
the  Hardgrove gr indabi l i ty  method indicates  t h a t  mineral mstter is  an  important 
f ac to r  i n  determining the  Grindabi l i ty  Index, and t h a t  perhaps high mineral matter 
content coals (high ash coa ls )  are given Indexes that are too  high. 

Recent t e s t ing  of 

Recommendat ions 

A discussion of s ign i f icant  f ac to r s  followed by a discussion of t h e  l i m i -  
t a t i o n s  i n  the  appl ica t ion  of these f ac to r s  would be valueless without a few recom- 
mendations a s  t o  what should be done. These a r e  a few recommendations: 

(1) New methods of evaluation of coa l  cleaning methods should be based 
on t e s t s  other  than simple s ink and f l o a t .  

(2) Size reduction methods m u s t  be developed f o r  coal  which will permit 
maximum l ibera t ion  of mineral matter, while a t  the same t i m e  l imi t ing  the  amount of 
extreme f ines  produced. 

(3 )  Sieving f i n e  coal  has been cost ly ,  but newly designed s ieving machines 
are now being offered which w i l l  permit close s i z ing  with a high throughput at rel- 
a t ive ly  low cost .  A i r  cleaning of such closely s ized coal  should be invest igated.  

(4) Although many coal  cleaning mchines now on the  msrket have es tabl ished 
ce r t a in  lower s i ze  limits f o r  feed material, it is possible t h a t  where good l ibera-  
t i o n  of pyr i te  and other  minerals can be assured t h i s  lower l i m i t  can be pushed ye t  
lower. 
dam t o  48 mesh or at bes t  60 mesh. A t  such s i zes  sa t i s fac tory  products have been 
prepared, but the l i m i t  could be pushed t o  100 mesh or possibly even t o  140 mesh if 
the  prime consideration was t o  separate coal, with spec i f ic  gravi ty  of about 1.30, 
from pyr i t e  which has a spec i f ic  grav i ty  of 5.0. 

For example, t he  Dutch S ta t e  Mines heavy media cyclone w i l l  treat f ine  coals  
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Figure 1. Ebhedral py r i t e  crystals 
i n  Yiigs Creek No. 9 coal fron 
S r r i s o n  County, Ohio. 

=40 bKcrons 

FigL-e 2. Disseninatsd mite i n  
bkfgs Creek 210. 9 coal f ron  
Harrison Comty, Ohio. 

H = 40 I ~ ~ C ~ O U S  

Figure 3. Dissemicated pyrite i n  
Xeigs Creek 110. 9 coal from 
B r r i s o n  County, Ohio. 

H = 40 ?<Ecrons 
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SOME PRACTICAL COIiSJsTcIERATIOB FOR THE APPLICATION 

OF COAL PULVERIZCLTION AT COKE PLAmTS 

J. W. Leonard and J. D. Clendenin 

United S ta t e s  S t e e l  Corporation 
Applied Research Laboratory 

Monroeville, Pennsylvania 

During recent years, the United S ta t e s  S tee l  Corporation a s  focused hi- 
creased a t t en t ion  on coal-pulver izat ion prac t ice  a t  coke p l an t s  .l-5 P * Coal pulveri- 
zat ion at coke p lan ts  o f f e r s  two opportuni t ies  for  s tee l -p lan t  cost  improvement. 
F i r s t ,  coa l  blends t h a t  are known t o  give cokes of good s t rength  may yield,  through 
pulver izat ion,  addi t iona l  increases  in  strength, such increases  r e su l t i ng  i n  increased 
hot-metal production a t  the b l a s t  furnace. Second, by pulver izat ion of poorer coking 
coa ls  the amounts of the more cos t ly  and l e s s  readi ly  ava i lab le  blending coals !nay be 
reduced without a loss of coke s t rength.  

P r io r  t o  any discussion of coal  pulver izat ion,  it i s  important t o  rea l ize  
t h a t  an optimum pulver izat ion leve l  (commonly reported in terms of  $ minus 1/8-inch 
coa l )  e x i s t s  f r each coal  or  coa l  blend and t h a t  overpulverization can be d e t r i -  
i ~ e n t a 1 . ~ ~ ~ , ~ - 7 7  Optimm pulver izat ion fo r  a given coal  o r  coa l  blend general ly  w i l l  give 
some l o s s  of  bulk dens i ty  (or  coke production) with a corresponding increase i n  coke 
qua l i t y  ( o r  s t rength) .  Except with dry  coals ,  however, overpulverization r e su l t s  i n  
appreciable l o s s  of bulk dens i ty  and may reduce or give l i t t l e  improvement i n  coke 
s t rength,  par t icu lar ly the  Hardness Factor, f o r  normally coking coa ls .  This loss of 
bulk dens i ty  can be subst  ti l l y  recovered by adjust in+ the  moisture content or  by 
appropriate  o i l  addition.E10? Also, means for  increasing the drop ve loc i ty  of the 
coa l  i n to  the  coke ovens a re  he lpfu l .  For poor coking coals, increased coking r a t e s  
a r e  u s e h l .  T;?e primary object ive i n  pulver iz ing coals  i s  the improvement of coke 
qua l i t y  t o  give more intimate contact between the coa l  const i tuents .  Thus, pulveri- 
zat ion permits homogenous mixing and intimate contact between the various const i tuents .  

Once the need fo r  a coke-plant coal-pulver izat ion system has been establ ished 
and the  optimum pulver izat ion l eve l  has been determined by carbonization t e s t s ,  the  
.,ext object ive should be t o  a t t a i n  i n  a prac t icable  manner the required l e v e l  of 
pulver izat ion.  However, t h i s  should be achieved so a s  not  t o  exceed t h e  minimum 
allowable increase of f ine  "bug dust"  ( a r b i t r a r i l y  defined a s  minus 100-mesh coal) 
over t h a t  l e v e l  present i n  the unpulverized coals .  
minimize the amount of bug dust  i n  the  coa l  and the  loss in bulk densi ty .  
the amount of bug dust  minimizes the loss of coal  during pulver izat ion and during 
carbonization, with at tendant  improvement i n  p lan t  housekeeping and safe ty .  

Attainment of t h i s  objective w i l l  
Minimizing 

Coke-plant coal-pulver izat ion systems f a l l  in to  three  basic  types, as i l l u s -  
These a re  (1) single-pass systems i n  which a l l  coa l  t o  be pulver- t r a t e d  i n  Figure 1. 

ized i s  passed only through pulver izer  mills, (2) prescreening systems in which the 
f ine  (commonly, minus 1/8-inch) coal  i s  recovered by screening and i n  which the 
screen overproduct i s  pulverized and mixed with the recovered screen underproduct, 
and (3)  c losed-circui t  systems in which screens are used before and a f t e r  pulver izers  
t o  contain a l l  oversize coa l  f o r  repulver izat ion u n t i l  t h e  coal  is  fine enough t o  
be released from the  system a s  screen underproduct. 

. 

A s  these systems increase i n  complexity, there  i s  a corresponding improve- 
ment i n  t h e  control  o f  pulver izat ion l eve l .  Table I i l l u s t r a t e s  the increased 
pulver izat ion t h a t  can be achieved for  a given coa l  by progressing from the single- 

* See References. 
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p u s  t o  the  prescreening t o  t h e  closed-circui t  systems. However, i f  the  single- 
pass system were used t o  bring the l e v e l  of pulver izat ion at 1/8 inch t o  % per  cent, 
t h e  amount of bug dust would have been considerably greater than t h e  12.3 per  cent 
a t ta ined  with t h e  prescreening system. Also, by using the  more elaborate  closed 
c i r c u i t  system, even grea te r  improvements in the l e v e l  of pulverization and in the  
control  of bug dust can be real ized.  

In pulverizing coals for  blending, t h e  low-, medium- and high-volati le 
coals  a t t a i n  an optimum pulver izat ion l e v e l  a t  widely varying pulverizer-mill  speeds. 
These mi l l  speeds range from about 4500 f e e t  per minute ( f p m )  ro tor - t ip  ve loc i ty  
f o r  c e r t a i n  sof t  and f r i a b l e  low-volati le coals  t o  about 8000 f p m  ro tor - t ip  veloci ty  
f o r  hard high-volati le coals .  These mill-speed ranges were establ ished by using 
impact-type coal pulver izers  ins tead  o f  hammermills, ' s ince the former lend themselves 
more r e a d i l y  t o  speed va r i a t ion  and give a more predictable  and s igni f icant  change in 
pulverizat ion leve l  f o r  a change i n  m i l l  speed. 
leve l ,  impact-type pulver izers  w i l l  produce less bug dust than hammermills. 

Also, f o r  a given pulverization 

It is a popular, but perhaps obsolete, coke-plant prac t ice  t o  pulverize all 
coals  by using hammermills (or  hammermills with gra tes  removed) operating at the  same 
speed. The above conclusions, together  w i t h  experience a t  coke plants ,  supoort 
the  observation tha t  operating pulver izer  mil ls  at  a s ingle  speed w i l l  overpulverize 
the s o f t e r  blending coals .  Normally, the single-speed operation is  sui ted f o r  pulveri-  
zing high-volat i le  coals,  but because of the high m i l l  speeds used, overpulverization 
of t h e  low-volatile coa ls  r e s u l t s  in ,  and is l a r g e l y  responsibele for ,  exess production 
of bug dust .  

The detrimental  e f f e c t s  of pulverizing a s o f t e r  and a harder coa l  a t  the 
same m i l l  speed (6300 fpm ro tor - t ip  veloci ty)  a re  shown i n  Table 11. 
coal  was s a t i s f a c t o r i l y  pulverized, but low-volati le coal  was overpulverized. The 
amount of bug dust in t h e  low-volati le coal  was almost doulbe t h a t  i n  the  high- 
v o l a t i l e  pulverized product. 
pulverizing sof te r  coals a t  lower m i l l  speeds (4400 f p m )  and harder coals  a t  higher 
m i l l  speeds (6300 fpm) is&Own i n  Table  111. High- and low-volati le coals were 
pulverized t o  give the  same amounts o f  bug dust.  

High-volatile 

The improved pulver izat ion t h a t  can be achieved by 

For m o s t  American coke p l a n t s  it appears t h a t  the use of a prescreening 
system incorporating impact pulver izers  a t  t w o  m i l l  speeds i s  worthy of consideration. 
In  la rge  pulverization i n s t a l l a t i o n s ,  fixed-speed mills (or direct-dr ive mills) 
may be used provided t h a t  a lower and a higher mill-speed sect ion i s  avai lable  f o r  
handling t h e  various coals .  For smaller i n s t a l l a t i o n s  where the same series of  
m i l l s  must be used in te rmi t ten t ly  t o  pulver ize  t h e  d i f fe ren t  coals t o  be blended, 
variable-speed drives are recommended. This permits preselect ion of o p t i r n  m i l l  
speed p r i o r  t o  pulverization of  the individual  low-, medium- or  high-volat i le  coal.  

Because of i t s  merit, the combination of prescreening with two m i l l  speeds 
i n  coke-plant coal  pulver izat ion has been adopted by the United S ta tes  S t e e l  
Corporation and i s  being appl ied a t  the Corporation's large,  new coal-pulverization 
f a c i l i t y  a t  Gary S t e e l  Works, Gary, Indiana. 

I n  coke plants  where pulver izat ion is applied,  but  where a complete 
change f r o m  the older single-pass systems is  not j u s t i f i e d ,  it may be desirable  t o  
equip the  mills with impactor-conversion assemblies and variable-speed drives.  This 
prac t ice  can reduce the  bug-dust l e v e l  and improve cont ro l  of pulverization. 

Generally, w i t h  these  older fixed-speed, single-pass pulver izat ion system, 
control  of pulver izat ion i s  sought by changing t h e  clearance between t h e  m i l l  ro to r  
and impact surface.  However, tests indicate  t h a t  feed r a t e  m y  o f f e r  a more 
a t t r a c t i v e  means f o r  pulver izat ion control .  It appears t h a t  for  each mill studied, 
increased pulver izat ion w i l l  be  accompanied by increased bug dust, but beyond a 
c e r t a i n  mFu feed rate ( regard less  of mill speed or s e t t i n g )  both pulver izat ion and 
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bug dust decrease. The "reversal" of  t h i s  trend i s  no doubt the  result of port ions 
Of coal going through the m i l l  unpulverized. 
occurs (reversal-point feed r a t e )  is a t  or near the manufacturer's so-called nominal 
ra ted  mill capacity. 
reversa l  point  and approaches the m i l l  s t a l l  point  w i l l  result in an approximately 
equivalenk percentage reduction in both t h e  pulver izat ion and bug-dust levels .  
stall point of most pulver izers  occurs from 50 t o  100 p e r  cent above t h e i r  nominal 

. r a t e d  capacit ies,  and a t  a number of p l sn ts ,  mi l l s  are being run at these leve ls . )  
Therefore, the attainment of a feed rate between the  r e v e r s a l  po in t  and the  stall 
point ,  obtained by choke feeding, o f f e r s  a means f o r  reducing t h e  amount Of bug 
dust  and increasing m i l l  productivity,  but is achieved with some reduction I n  l e v e l  
of  pulverization. 
may be consistent with requi remnts .  
when t h e  pulver izat ion r e v e r s a l  point  is exceeded. 

The feed rate a t  which t h i s  reversa l  

Tests indicate  t h a t  feeding a m i l l  a t  a rate that exceeds t h e  

(The 

This reduction is not great  and t h e  new l e v e l  of pulverization 
Table IV i l l u s t r a t e s  the e f f e c t  on size-consist  

Conclusiona 

From the  data  presented above, it m y  be concluded t h a t  t h e  most e f fec t ive  
method of using pulver izers  in a single-pass system is  t o  design the  machine r o t o r  
speed t o  exceed t h a t  necessary t o  produce the desired pulver izat ion l e v e l  and then 
choke-feed the machine t o  depress pulver izat ion back t o  the desired leve l .  
p r a c t i c e  will give both desired pulverization and s igni f icant  bug-dust reduction. 
In  those coke p lan ts  where the older fixed-speed, single-pass mills are i n  use, 
hard, high-volati le coals  can he pulverized t o  a grea te r  degree by feeding a t  a 
r a t e  approaching the  nominal r a t e d  capacity of  the mi l l .  
from the  sof t ,  low-volati le coals  can be reduced by increasing feed r a t e  above the  
ra ted  capacity of  the m i l l  t o  a value approaching the  mill s ta l l  point.  
by manipulating the  feed r a t e s  of these older systems, pulver izat ion and bug-dust 

This 
I 

Excess bug dust resu l t ing  

Therefore, I 

I l e v e l s  of the  d i f fe ren t  coals  can, t o  a l imited degree, be made t o  approach more 
0 c lose ly  the desired value f o r  any given m i l l  se t t ing .  

< 
b 

I In t h i s  review it has been pointed out that in any of t h e  three types of 
coal-pulverizing systems, m i l l  speed and m i l l  feed r a t e  are the primary var iables  
in control l ing pulver izat ion l e v e l  and bug-dust production. PrQper appuca t ion  Of 
these concepts t o  any of t h e  t h r e e  systemshould l e a d  t o  p r a c t i c a l  improvements in 
pulver izat ion within the  limits of t h e  p a r t i c u h r  system employed. 

I 
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Figure 1 

THRF;E BASIC 'IIypEbs OF COAL-PUL-IOI? SYSTEbB FOR COKE PLAmTS 
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The Broken Hill Pty. Co. Ltd. 

Shortlaud, 2R, N.S.W. 

JXTXODECTIO~ 
The Permian coals of the Fewcestle d i s t r i c t  o f  B.S.W. y ie ld  weak coke, but those 

mined i n  the Southern N.S.T. caalf ie ld  yield qui te  reasonable metallurgical cokes. 
problem has been t o  es tabl ish methods whereby stronger cokes can be made f r o m  these 
coals, par t icular ly  those f r o m  the Newcastle area. 
with t h i s  problem form the subject matter of t h i s  papero 
in  the paper by J. Gregory t o  this Symposium. 

n idng  and transportation of coals,  uscslly t o  washeries; secondly, the washing, 
blending, @ding and delivery af the ground coal t o  the coke ovens’ bunkers; thirdly,  
charging the avens, coking and quenching the  coke; and, f ina l ly ,  delivexy of the coke, 
perhags screened and crushed, to  the b l a s t  furnace, Factors pertinent t o  the qual i ty  
of b l a s t  furnace coke a r i s e  at each stage,  and modification of the processing opera- 
t ions at an e a r l i e r  stage may introduce changes tha t  eventually effect  the qual i ty  of 
the  blast furnace coke. 

Research work can be invalidated by a lack of knoprlodge of such ef fec ts  a t  the 
production sca le  or by a f a i l u r e  t o  reproduce on the smaller research scale,  ccnciitions 
leading t o  nearly similar m t e r i a l s  and processing €or the four  stages in  coke produc- 
tion. In  our caae, the second ( p r e y r a t i o n )  st2ge has presented the most immediate 
poss ib i l i t i es  for plant  developments. 
stage t o  a greater extent than the others. 

2. COAXS AND PROPEKL’IIB 

Our 

Certain aspects of the work concerned 
A re lated as2ect i s  dea l t  with 

There a m  four major phases t o  the production of metallurgical coke, f i r s t l y ,  the  

Our research has thus been concerned with tinis 

A sunmary of the analyt ical  and carbonisation characteris i s of the IJewcastle 
coals is given i n  Table 1. Although Brown, Callcott  and Kirov h? have shown that  
Seyler‘s Chart 47B is applicable t o  Australian coals, the use of Parr’s basis  t o  
express resu l t s  is not sound. 
and, so, N.A. Brom and the wr i te r  have studied the d i rec t  determination of mineral 
matter 
method( 8 . In Table 1, the d.a.f.; Parr and d i r e c t  dmmf ultimate analyses of “f loat”  
and tfsinks” f ract ions of Victoria Tunnel coal a re  compared. 
t i o n  t e s t s  r e f e r  t o  1 6  ash washed c a1 samples. 
t o  that described by Nadziekienicz(39. 

Sone o r  a l l  of the parameters of the laboratory coking t e s t s  of the Fewcastle 
coals have been found t o  depend on the mean p a r t i c l e  s i z e  and the 
on the proportion of mineral matter and on the extent of oxidationf47. A t  present, it 
seems that the r a t e  of oxidation is on f the few character is t ics  of these coals that 
may vary appreciably between the coalsf57. 

Results such 89 those of Table 1 suggeat t h a t  the  br ight  coals of the Newcastle 
coalf ie ld  are unlikely t o  yield good b l a s t  furnace cokes a f t e r  conventional preparation. 
The comon coke strength indices of a steelworks blend of these coals,  and the b e t t e r  
ones made at Por t  Kembla, a r e  given i n  Table 2. 

and quartz. 
p l i e s  of the seams, they a re  consistent. 
matter i n  coal sanples var ies  from S t o  137;. 

The comnonly used dry-ash-free basis  is  even l e s s  sound, 

d of its water of consti tution a f t e r  modifying the C.S.I.R.O. s l o w  combustion 

The laborstorg carbonisa- 
The penetration plastometer is s i d k  

i e dis t r ibut ion,  

The predominant coal minerals( 6, are interlayered montmorillonite-illite, kaolinite, 
The proportions of these minerals depend on the seam and ply; but, f o r  some 

The water of const i tut ion of the mineral 
Much of the mineral matter is f ine ly  
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disseminated in the coals. 
The poss ib i l i ty  of "selective" breakage, of one or another haa been exam- 

b e d .  
'nave not so far substantiated any major "selectivity" in  breakage; but it  -seem possible 
that some differentiation between the minerals and coal nay develop. 
w a s  however, never more than slight f o r  feed s a q l e s  with l e s s  than Z@ ash and most 
probably, arose f r o m  the differences in density affect ing the s ize  c lassi f icat ion 
efficiency of the mill  ra ther  than from appreciable differences between the natures of 
the disintegration patterns f o r  mineral and coal par t ic les  or differences in t h e i r  
respective strengths. 

In  shatter, no significant se lec t iv i ty  could be detected. S w h g  hammer m i l l  t e s t s  

The different ia t ion 

5. r n r n & r n L S r n I S  

coals t o  coke wens hes long been known. 
subsequent p i l o t  scale and plant scale  trialsg8T. It was f o b d ,  hovrever, that  p l a t  
henmer mills could not attain the required l e v e l s  of fineness without serious loss in  
output rates .  

The beneficial  effect  on coke s t rength indices of charging f ine ly  ground Newcastle 
f f e c t  wa8 quantitatively established by Thi  

The writer has reported(9) on the early stages of e mathemtical analysis of the 
grinding mechanism of swing bmaer  mills and eqerimental studies using,h.igh speed cine 
photography. lb. hammers at 
11000 ft./min. was very mild: 
c o d o  
c i rcu i t  grinding; and the probabili ty of breakege was approximately proportional to the 
square root of s i z e  f o r  s izes  smaller than 4 in.; constant a t  0.6 f o r  larger  sizes. 
proportion retained above the breaker bar,  f o r  fur ther  breakage, varied as the fourth 
m o t  of par t ic le  size. 
above the point of narrovest gap between hammer end baryacts essent ia l ly  as a means of 
redirecting par t ic les  in to  this zone. The efficiency or" removal of par t ic les  which are 
already suf f ic ien t ly  small, is par t icu lar ly  poor and considerable a t tent ion t o  the design 
of the recesses above breaker bars may be needed before i t  is improved. 

The breakage in a 5 tph t e s t  m i l l  due t o  the impact of 
f o r  exanple, a 5f$ +1 in. product on feeding lCQ$ -2 +1m. 

'Phe passage of the hemners p a s t  a breaker bar  w a s  shown t o  be equivalent to closed 

The 

This work suggested that the re  'on above breaker bars (i.e. 

Fork on this aspect and on the design of  more sui table  screens (gr ids) ,  after the 
breaker bars,  is in hand. 
proportion of very f ine  per t ic lea  i n  the  m i l l  output may b e  achieved. 

Results t o  date  suggest that a considerable reduction in the 

Fig. 1 shows 8 typical path f o r  the  discharge of a Imm paxticle from a model of a 

These photographic s tud ies  showed that the classi f icat ion efficiency w i l l  
hemmer m i l l  f i t t e d  with g r i d s .  
t i p  speeds. 
remain low so long aa the  part,icles must c b i e  substant ia l ly  t h e i r  direct ion of f l ight .  
This  fea ture  also lowers m i l l  capacity; .and increases the percentage of f ines  by 
undesirable fur ther  breakage of par t ic les  already suf f ic ien t ly  small. 

The heater t i p  speed waa  much slower than normal hammer 

One al ternat ive to the use of d i f fe ren t  types of g r i d s  is t o  replace them by 
adjustable breaker bare and recesses that ef f ic ien t ly  redirect  particles.  
nil1 may b e  a step in m i l l  development along these l ines.  
the scavenging efficiency of hammers sweeping p a s t  bars can be dras t ica l ly  improved. 

The Hazemag 
It remains t o  b e  seen wfiether 

An al ternat ive t o  the  improvement of hammer mill grid'systems is the conpling of a 
mill with an external c l a s s i f i e r .  
4. A I R  CLASSIFICATIOII FOR COIClmc 

Screens ae er ternal  classif 'iere f o  hammer mills have been used in Europe to  
prepare coal for charging coke 
benefits  and more f lex ib le  operation mey attend the coupling of a sui table  a i r  C l a s s i f i e r  
with a hammer m i l l .  

It appears possible that some additional 

A small commercial air separator,  made available by courtesy of lnternational 
Combustion Australia Ltd.; w a s  modified a t  the B.E.P. Central Research Laboratories, 
(hereaf ter  CRL). After a number of tr ials snd adjustments, it waa found that, a t  vario- 
se t t ings ,  separations crith the eff ic iencies  shorn In Fig. 2 could be attained; but 
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re l iab le  estimates of the potent ia l  capacit 
eouipment. d convenient cheap u n i t  (Fig. 39 was  made t o  estimate capacity and con fir^^ the 
separation efficiency results 

of such units were not possible with this 

k o m  the  work, the following tentat ive conclusions were d r a m t  
Output ra tes  of about 100 tph (and perhaps more) are feas ib le  with 16 f t .  d ia .  units; 
Part icular  a t tent ion must be paid t o  the evenness of the air dis t r ibu t ion  around the 
coal d i s t r ibu tor  p la te ;  

Total moisture contents up t o  170 can be handled without detectable loss in 
separation efficiency, but the coal should be oi led (about & &./ton) and a special  
scraper device i s  probably essent ia l  t o  prevent build up on t h e  w a l l .  

Since this work was based on a 2'6'l dia. un i t  and used feed ra tes  of up t o  20 tph, 

a) 
b)  

(c ]  Coals containing 2 in. lumps c a n b e  handled; 
(d  

it is far f r o m  f u l l y  developed as pract ical  plant. 
possible a l ternat ives  t o  the use of external screens tha t  could be used to  control the 
sizing of system outputs. 
than screen and m i l l  o r  normal mill  systems f o r  the preparation of charges to  plant coke 
ovens. 

preparation of coking coals has been publishedflly. It seem8 tha t  the system used by 
Iazovskii e t  al. ie l i k e l y  t o  be more eas i ly  developed t o  f u l l  plant sca le  than the 
external air  separator technique. 

However, it does seem one of the 

Such pneumatic controls may prove more s tab le  and consistent 

SFnce thie work on an a i r  c l a s s i f i e r  was om le ted,  an a r t i c l e  on the pneumatic 

The 2'6" dia. separators did not break the feed coal t o  any appreciable extent, but 
corresponding s tudies  with a swl laboratory air separator showed that considerable 
breakage occurred when feeding -& in. coal. 
unit in preparing coal f o r  small scale  coking tes ts .  

This feature  has prevented the use of t h i s  

5. BULK DENSITY IWD SIZE SEGKEATION 4 

The influences of surface moisture and par t ic le  s i z e  on the bulk density of part- 
i cu la te  materials a re  well known. 
three factors  become especially important where, one and perhaps more of the factors  
strongly a f fec t  coke strength. 
Box Test)  and fineness (7; -18 BSS) f o r  Newcastle coals tes ted at the B.H.P. steelwozks. 
Total moisture was f a i r l y  constant. Fig. 5 shows the corresponding re la t ion  between 
fineness and the R o s i n - P d e r  dis t r ibut ion coefficient. 
of cokes from the coals increased by 5 
1% in  coal fineness. 
segregation of par t ic les  with respect t o  s i z e  in the coke ovens. 

B u l k  density t e s t s  with air dried -& in. coal have shown evidence suggesting a 
dependence of bulk density on feed r a t e  and accompanying changes i n  s i z e  segregation. 
Fig. 6 shows the '*herringbone** s e  egation pat tern deveJoped on allowing randomly mixed 
coal ( la rge)  and limestone ( f i n e s y t o  gravi ta te  through various rectangular s lo t s .  The 
bulk density of the discharged material  did not depend on the feed r a t e  (i.e. s l o t  width). 
It has not been possible t o  generalise these and other observations as regards segrega- 
t i o n  in coke avena, but "herringbone" segregation may occur in large ovens. 

C.B.L.ts 15 lb. coke oven (see l a t e r ) .  
f r o m  segregated and non-segregated charges were almost ident ical ;  but t h e  textures of 
coarse and f ine  bands were clear ly  d is t inc t .  
on these indices, work t o  elucidate the apparent paradox is  being carr ied out. 

In coking practice,  the in te r re la t ions  between these 

Fig. 4 shows the relationship between bulk density (ASThl 

S tab i l i ty  and hardness indices 
3 and 2 2 1  units, respectively, f o r  every extra  

Another fac tor  m y  a lso  have entered into t h e  complex of relations:  

A d i r e c t  assessment of the effect  of segregation on coke strength was attempted with 
The s t a b i l i t y  and hardness indices of the cokes 

In view of the marked ef fec t  of coal s i z e  

6. TBE USE OF 15 lb.  TESTING OPElJS 
Pi lo t  (850 lb.) coke Ovens a re  used a t  the Newcastle and Port  Q&la steelworks' 

research departments, but the associated coal preparation f a c i l i t i e s ( 1 2 )  coking uni t s  
a re  too large for the Central Research Laboratories. Small t es t ing  ovens@? (Figs. 7, 8) 
t h a t  coke 15 lb. of coal, have therefore been developed. 
preparation methods are eas i ly  studied and factors  that normally in te rac t  (e.g, fineness 

A t  t h i s  scale ,  many different  
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and bulk density),  can b e  controlled independently of  each other. 
a l s o ,  provide aa easy m e a n s  of c w i n g  out preliminqy snrpeya pr ior  t o  confirmation of 
important observations at the  steelworks. 

The correlation of the cokes from the smell mens with those from plant and p i l o t  
wens is  not yet  completed; but  appears good (Fig. 9). 
coke qua l i t i es  fron those of 1 5  l b .  Oven cokes, a l s o ,  necessitates a sisilar dependence 
of coke qua l i t i es  on various factors .  

preparation factors  bas separated the re la t ive  significance of coal fineness and chsrge 
density,  as well as confir5ing the usefulness of this small t e s t  f o r  complex blending. 
studies.  

Fig. 10. 
ash variance (between sanples w i t h i n  coals) of O.l@ (15 deg. freedom), to have been 
sat isfactory.  
The main advantages of the preparation methods were: 
the  easy prevention of oxidation during storage, and the ease of dewatering coal stunples 
before blending. 

variances in Table 4. 
Further evidence for the adequateness of the overall  reproducibility of the coke tes t s ,  
is shorn in Table 5. 
t e s t  t o  t e s t ) ,  that greater control over the rate of heating 2nd the w a l l  teqerature-  
time relat ionship is desirable. 

Apart f r o m  coking time (possibly a measure of heating ra tes ) ,  other variables were not 
s ignif icant  by v i r t u e  of e i t h e r  t h e i r  comparative constancy or not influencing coke 
qua l i t i es .  

charge density) are similar 
t o  those obse e during plant  and pilot-ecale coking t e s t s ) .  They also agree with the 

percent of coal fineness ($ -18 mesh) l e a d s  t o  an increase of about s t a b i l i t y  units f o r  
higher v o l a t i l e  blends of both Australian and American coals. 

The very close equivalence of the qua l i t i es  of the cokes from the  four blends 
confirms the obvious deduction from Table 1: the Eewcastle coals .SJX too alike f o r  blend 
proportions t o  be very important. 
provided the percentages of ash for all components are reasonably close. 

Newcastle coals,  some modificationa of  the ASTdd tumbler t e s t  have been adopted. 
is the  same as the ASTU &rum except its length is 6 inso 
9@ -3'' +2" and l@ -2" +I%' and the weight of the coke feed is 3 1/3 e. 
that these changes do not s ign i f icant ly  a f fec t  the s t a b i l i t y  and hardness indices for 
cokes from the Newcastle and Port Kembla steelivorks; but, for run -o f -whar f '  coke, the 
reproducibil i ty is worse than when using the  standard t e s t .  
cokes fron duplicate oven t e s t s  appears b e t t e r  than is obtainable with 3 1/3 Kg samples 
of run-of-rsharf coke, 

The 15 lb-  oven studies,  which have involved well over 100 runs in recent months 
indicate  the u t i l i t y  of small avens. Firs t ly ,  they have shown that smell scale  prepare- 
t ions can be closely controlled and that the greater  independence between preparation 
fac tors ,  achievable with small scale work, can lead t o  results that f a c i l i t a t e  the 
appreciation of resu l t s  gathered by p i lo t  o r  p l a n t  scale work. 
shown that with proper control, 15 lb. ovens can be used for preliminary studies and, in 
the  future,  they may enable the  r e s t r i c t i o n  of 850 lb.  ovens to work immediately pr ior  to 

These s m a l l  ovens, 

The re l iab le  prediction of p l m t  

A s e r i e s  of 15 lb. oven t e s t s  t o  evaluate blending effects  and those of cer ta in  

The preparation o f  three blends (Table 3) of e i ther  8 o r  7 coals is outlfned fn 
The reproducibil i ty of the  preparation of the coals '  samples is shorn, 3g the 

Average ash percentages of washed coals correspond t o  those of Table 1. 
reduction in amonnts of c o d  &e& 

The high reproducibil i ty of t h e  character is t ics  of oven charges is shown by the 
Rotary sample dividers (20 and 100 lb.  capacity) were used. 

It appears f ron the significance of c o w  time variations ( 2  hr. 

The separate effects  of f ineness  and charge density are i l l u s t r a t e d  by Fig. 11. 

The ef fec ts  of the controlled fac tors  (coal fineness 

trends deduced 7 8 7  from cer ta in  American studies. As a rough d e ,  each additional one 

This posit ion appears t o  apply at the steelworks, 

Since the 15 lb.  oven yields  only about 10 l b .  of coke fnsm the high v o l a t i l e  
The dnun 

The coke charged t o  the drnm is 
Result8 show 

The reproducibil i ty using 

SecondI.7, they have 
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Seam 

Borehole; Dudley 
Victoria Tunnel 
Young W a l l s  end 

plant trials. 
preparation and charging, and, on (b), a controlled coking programme appropriate t o  the 
'type of coal e.g. high or l o w  vola t i le .  
specif ic  needs than those of Price e t  d ( 1 3 ) ;  but there  i s  a large measure of agreement. 
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The successful use of these ovens depends on, ( a ) ,  proper control  aver 

Our obsemations i n  this regard suggest some l e s s  
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13 t o  1+3 d.b. 
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c 72 H $  a $  S $ (org) 0 + Errors 
83.5 5.6 2.1 0.45 8 -35 
84-85 5.55 2.15 0.4 7 e05 
84.4 5.55 2.2 0.4 7.45 

TA3JX 1 1  CHARACTFRISTICS OF FTEVCdSlT,E COAIS,  NORTHERN E.S.V. 
COAL3 SEWS: Borehole, Victoria Tunnel, Young %llsend, kdley. 
COLLIERIES8 Burwood, John Darl ing,  Stockton Borehole, Lambton. 
SIZE GRBDIITG M BWFORU BREAKER8 0.746;<1.06 in.; n - 0.75 2 0.05 (Rosin-LRamnl.er 4.) 

b 
/ 
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I n i t i a l  loveo 38OoC I n i t i a l  Xove. 
-3s i o n  415% hiax. Contraction 
Log. !.IEI.x. Fluidi ty  2 e'i-3 e 0  ?-Lax. Contraction 
-€kxe Fluid i ty  435% KLte Dilation 
Bes o l id i f ica t ion  46.5':: Dlt. Dilation 

P D E T R U I O N  PLaSTOl.ETT2 (0.6 @/cn2) 

Layer Thickness 25 inn Top Temps. s30°c 
Shrinkage 22 mm Bottom Tenps. 4 4 0 O c  

COXPARISON 3F BASES FOR FLOATS SI3 SIRES (Victoria Tunnel Seam) 

I 
~ ~ 

Coke 

Newcas t l e  

d v  
BASIS 70 Ash 

Floats daf 11 r2  
Parr dnnf 
Direct dranf 

sinks daf 51 .a 
P a r r  dmnf 
Diroc t dmnf I 

~ 

Percentage Index 
+l&h. Siiatter I +lin.  S t a b i l i t y  +&in. Hardness 

i 

(Northern N.S .T. C o a l s )  73 18 

12.5 
12.1 - 

63 

58-2 
56.4 

Port  Kezbls 
(Sonthem ;i.S C o a l s )  e5 

*$ 
38.3 
58 .I 
58.3 

4 5  60 

41 .a 
5594 
38.4 

10 E! hG si I W3rrOl 

83.5 5.52 1.96 0.36 8.49 
8 4 3  5.48 1.38 0.36 7.31 

76.4 5.50 1 . a  0.40 i 5 . a ~  
88.1 5.17 2 ~ 2  0.38 4-21 

84.5 5.49 1.38 0.40 7.67 

84-1  5.50 2 * S  0.37 7.75 

396'C 
3% 

438OC 
402 

465OC 
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Ash 3 (d.b.) 

Varimce .04 
Deg. Freedom 60 

Koisture $ 7; -18 BSS Charge Densi ty  
(total) ( lbs ./c .f t . ) 

06 2 1/4 
49 20 30 

TABLE 5: ANALYSIS VARIANCE OF FACTORIAL DESIGN FOR TESTS OF' !iTO BLENOS 

Factorst a, 43$ and 7% -18 BSS; 4 37, 43, 49 lbs./cft; wen No.1 & 2, &, Blend 2 & 3 

Stability Index 
1Jea.n Square 

19,136.55 

0.04 
8.7 
7.2 
73.6 
17 e 9  

19,755.17 

444.6 ' ( s i g )  

2,565; 10 d.f. 

1 Hardness Index 
Uem Souare 

2470.5 
313.2 S i g  
194.6 Sig 
2.0 
2.87 
0.c1 

m.s * 

1.91 
3018 -41 

Effect 

Grand Eean 
Fineness (A) 

Res M/B 
T o t a l  

- NOTE2 Mean. square of each interaction (e.g. B I D )  was estimated separately and unless 
specified w a ~  not signFficant at IO$ level. 

* IY c o w  time significant, at + level; reduced res. 4 s  is given and mean 
squares of other effect carried to average time. 
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PIANKl3G OF CENTRAL WASHEXES lX INDIA 
FOR PREPARATIOR OF COKING COALS* 

G.  G. Sarkar, A.  K. Chakrabarty and A.  Lahiri  
Central Fuel Research I n s t i t u t e  

P. 0. Jealgora 
Dhanbad, India 

ABSTRACT 

This paper i s  expected t o  cover washing problems peculiar t o  
the coals of India which a re  commonly high in mineral matter content. 
This character is t ic  has required the application of two-product+, washing 
pract ice  t o  achieve production of acceptable metallurgical coals. 
middlings product is used for generation of steam and e l e c t r i c i t y .  
Central washeries require most careful  design- and planning o f  all the 
interrelated operations of mining, and transport  of the r a w  coal, washing, 
disposal of refuse, and shipping of the product t o  maintain sa t i s fac tory  
operation. 

The 

* Manuscript not received in time for preprinting. 

* A.  Farquhar, "Beneficiation of Jharia and West Bokaro Coals by 
Washing" Progress of the Mineral Industry of India (1906-1955) 
Golden Jubilee Commemoration Volume, The Mining, Geological and 
&tal lurgical  I n s t i t u t e  of Indis, Vol. 21, Chowringhee, Calcutta 13, 
pp. 26-250. 

+x( G.  G.  Sarkar, S .  Sarka and A .  Lahiri: Journal of the I n s t i t u t e  of 
Fuel, Vol. 33, No. 230 (1960) March pp. 145-150. 
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PLASTIC PROPERTIES OF SUmmySIDE COAL. 

BLENDS WITH OTHER COALS AID W I T H  CTEF,R MATERIALS 

Glenn C. Soth 

Kaiser Steel Corporation, Fontana, California  

CIEANIKG PLANT PRODUCTS, OXIDATIOFJ Amn STORAGE 

Coal from the Kaiser S t e e l  Corporation's Surmyside, Utah, Mines has been the  
p r inc ipa l  source of coal  f o r  making b l a s t  furnace coke a t  Fontana s ince t h e  start 
of operations i n  19&. 
ovens supplying one b l a s t  furnace t o  seven b a t t e r i e s  of ovens making coke for  four 
b l a s t  furnaces. There have been many changes i n  mining methods, i n  coal  prepara- 
t ion,  and i n  the use of t he  Simnyside coal, but t h i s  coa l  still remains the  major 
source of coking coal for the  Fontana plant. Experience i n  use during the years, 
as w e l l  as laboratory invest igat ions,  has provided considerable information on t h e  
propert ies  of t h e  Sunnysi.de coal  and i t s  behavior during carbonization, both alone 
and i n  blencls with other materials.  
b e t t e r  coke, both with re spec t  t o  chemical propert ies  such as ash and sulfur content, 
as well  as f o r  the physical properties.  Better coke gives increased i r o n  production, 
lower coke rate, and the ultimate object,  reduced cos t  of hot metal. 

Early operations a t  Fontana showed t h a t  satisfactory b l a s t  furnace coke could not 
be produced from s t r a i g h t  Sunnyside coal . ( l )  
coking coals  or other materials f o r  improvfng t h e  s i ze  and s t r eng th  of t h e  coke and 
t o  reduce breeze. 
t i e s  i n  the Raton f i e l d  i n  northern New Mexico and use of Koehler mine coa l  from 
there.  Sources of supply have been developed of purchased medium and low v o l a t i l e  
coals f o r  blending with t h e  Sunnyside coal t o  improve the s i z e  and s t rength of the 
coke. 

It i s  common pract ice  t o  blend low v o l a t i l e  c o a l  u i t h  high v o l a t i l e  coal  f o r  in- 
creasing the s ize  and s t rength of t he  coke.(2) 
low o r  medium v o l a t i l e  coal  nearer t o  Fontana than the  Crested Butte f i e l d  in 
Colorado or t he  i n t e r i o r  province coals  of t h e  Arkansas4klahoma region. 
these areas must be shipped by rail; thus the f r e i g h t  cos t  becomes a very important 
f ac to r  in the economy o f  operations. 
Fontana have been described recently. (3) 

MINING AND COAL €"AEWION 

The S m y s i d e  coal is produced from t h r e e  separate  adjoining mines. 
a l l  three mines goes t o  mixhg  bins t o  provide a feed as uniform as possible for t he  
coal  cleaning plant. 
t he  6 x 0 coal passes through j i g s  f o r  cleaning. 
from these j i g s  f o r  deuateling r e s u l t s  i n  seve ra l  sizes of products. 
f i nes  from the screens are fru-ther t r ea t ed  by f l o t a t i o n  and the  cleaned coal  product 
i s  recombined with t h e  coarse clean coal  f o r  s 

Requirements have increased from two b a t t e r i e s  of coke 

These invest igat ions a re  continuing, t o  provide 

It was necessary t o  obtain other  better 

Changes i n  coal  supply have included purchase of extensive proper- 

However, there  i s  no production of 

Coals f r o m  

Details of the coal handling p rac t i ce  at  

Raw coal  from 

The combined coal is crushed to a top  size of six inches and 
The treatment of t he  f l o a t  coal 

The 28 mesh x 0 

pment t o  Fontana. Details of the 
f l o t a t i o n  cleaning plant  have been published. ( 8 
All of the cleaned coal is shipped immediately and in normal operation no coal i s  
stocked a t  the mine. Because of the p rac t i ce  o f  recombining all s ize  fract ions of 
cleaned coa l  as well  as no stocking a t  t h e  mine f o r  dewatering or w g ,  the coal  
a r r ives  a t  Fontana wi th  6 t o  7% t o t a l  moisture, the f l o t a t i o n  product itself con- 
taining 20 t o  25% moisture. A t  Fontana all of t h e  c o a l  received goes t o  stock and 
s tock coal,  hs - 60 clays old,  i s  used i n  the  blend. 
not be held i n  stock even f o r  this length of time without ser ious decrease i n  the 

Fears that Sunnyside coal could 



- 4 8 -  

dream poor coking propert ies  has not  proven t rue  in pract ice .  

LABORATORY TESTS OF COKING PROPERTIES 

Full-scale t e s t ing  of possible  blends is  both d i f f i c u l t  and expensive, s o  tha t  labor- 
a tory  t e s t s  t o  permit s e l ec t ion  o f  the more su i tab le  coals  f o r  blending is  highly 
desirable,  A var ie ty  of laboratory methods have been described in the l i t e r a tu re (5 )  
f o r  assessing the coking propert ies  of codls, ranging from t e s t s  on usual laboratory 
samples as s m a l l  as one gram to various p i l o t  sca le  t e s t  ovens using 500 lbs. o r  
more per tes t . (6) (7)  
are unsat isfactory for appl icat ion t o  poorly coking western coals. Often such t e s t s  
f i e l d  cokes, whereas t e s t ing  a t  usual r a t e s  o f  carbonization does not y i e ld  a coher- 
en t  ce l lu l a r  coke residue. 
proposed ASTM method,(8) has been found most useful  f o r  western coals. An i u u s t r a -  
t i o n  of Gieseler plastometer test r e su l t s  i s  given in C h a d  I for three different  
types or ranks of coal. 
a t ta ined  during the t e s t  as w e l l  as differences in the temperature ranges during 
which p l a s t i c  propert ies  were indicated,  

Besides the Gieseler plastometer t e s t ,  both t h e  f r e e  swelling and the  aggluEnation 
t e s t s (9 )  have been used a t  times. 
the  maximum fluidity shown i n  t h e  Gieseler  t e s t ,  a r e  given i n  Table I and shown 
graphically in Charts 11-A and 1143. 
l eve ls  o f  p l a s t i c i t y  were done on 300 g samples of -35 mesh coal. The or ig ina l  
sample was t e s t ed  i n  the  plastometer and portions taken f o r  fu r the r  grinding t o  -60 
mesh and -200 mesh f o r  the f r ee  swelling and t he  agglut inat ing t e s t .  The remaining 
g r o s s  portion o f  the  sample was placed i n  a g rav i ty  convection drying oven a t  105°C. 
After a se lec ted  time i n t e r v a l  the  sample was removed, cooled, and a port ion taken 
f o r  plastometer tes t ing  and o the r  portions for grin- and tes t ing  by the other 
methods. 
res idue was  obtained i n  the  Gieseler plastometer t e s t .  

The results showed d i f fe ren t  re la t ionships  f o r  3 i f f e ren t  ranks of coal. 
of comparison it was found t h a t ,  i f  the  maximum fluidity in the  Gieseler  t e s t  was 
l e s s  than 2 dia l  divisions p e r  minute, t he  resfdue remaining a f t e r  the t e s t  was 
only a s in te red  button and did not exhibi t  the c e l l u l a r  s t ruc ture  associated with 
coke. Thus,i t  was concluded t h a t  ne i ther  the agglutinating t e s t  nor  the  f r e e  
swelling test are  sa t i s f ac to ry  f o r  assessing the coking propert ies  of coals, but 
could be used possibly t o  ind ica t e  major changes i n  the  coking propert ies  of a coal 
i f  the general  propert ies  were h o r n  from Gieseler plastometer and other tes t ing .  

PLASTIC PROPERTIES OF VARIOUS SIZES OF SUNNPSIDE COAL 

In  general ,  laboratorg methods, using rapid r a t e s  o f  heating, 

The Gieseler  plastometer t e s t ,  general ly  following the 

T h i s  i l l u s t r a t i o n  shows differences i n  maximum f luicl i t ies  

Besults f o r  these t e s t s ,  compared t o  values for  

The t e s t s  for . these  comparisons a t  various 

This was repeated u n t i l  the  extent of oxidation was such that no coherent 

For purposes 

Plastometer t e s t s  were run on each of  the  s izes  of coal  obtained a t  the  cleaning I 
plant.  
a t  Fontana. 
with decrease in  pa r t i c l e  s ize .  
and increase i n  ash. 

The samples were taken a t  Sunnyside and were 10 t o  15 5ap old when tes ted  
The data obtained, Table 11, showed the expected increase in  moisture 

Other trends included decrease i n  vo la t i l e  m t t e r  
The Giese le r  plastometer r e s u l t s  showed decidedly lower 

, p l a s t i c  propert ies  f o r  the  f i n e r  s izes ,  

Petrographic analyses of the S m n p i d e  coal  had indicated tha t  t h e  coal was over 90% 
c la ra in  or Type 111 v i t r i n i t e .  There were no appreciable percentages of  harder o r  
s o f t e r  const i tuents  such as  durain o r  fusain that might be expected t o  segregate i n  
the  l a rge r  or f i n e r  s i zes  and to  cause d i f fe ren t  coking propert ies  by segregation. 
Therefore, it was indicated t h a t  the f i n e r  s i zes  of coal produced a t  the mine had 
already undergone considerable weathering between' ndning and del ivery and tes t ing a t  
Fontana. 



OXIDATION TZSTS 

R e s u l t s  a t  t h i s  time were somewhat confusing. 
dicated t h a t  t h e  Sunnyside coal was suscept ible  t o  rapid weathering i n  stock, ac tua l  
plant  pract ice  had shown l i t t l e  change i n  the coa l  i n  60 days o r  c f t en  a longer 
period of time. 
maxinun f l u i d i t y ,  Table 111, but  no apparent trends; average values were not par t ic-  
u l a r l y  lo se r  thaii averages f o r  f resh inconing c o d .  
giv',r?g confusing r e su l t s .  Du?licate t e s t ing ,  both t o  check iziziividual sanples and 
t o  check the r e s u l t s  obtained by d i f f e r e n t  operators, did not  show good agreement. 
Further, t e s t s  of  a s e r i e s  of samples such as blends of Sunnyside with other coals  
did not show consis tent  results. N o r m a l  f r e sh  Sunnyside coal  had been found t o  give 
m a x i m u m  fluidities of the order of Lo t o  00 divisions per ndnute. 
shown i n  Table I the o r ig ina l  sample had a maximum f l u i d i t y  vaiue o f  o n l y  1 9  and two 
hours a t  lO5'C had decreased this value t o  only 5.7 divisions pe r  minute, indicating 
r ap id  oxidation. 

It w a s  decided t o  make a ca re fu l  examination of the change i n  p l a s t i c  properties with 
time f o r  -35 mesh Sunnyside coal  a t  room temperature. A sample of about 150 grains 
of -35 mesh Sunnyside coal  was prepared as r a p i a y  as possible a?d then t e s t ed  
immediately. The sample was then s e t  a s ide  in a rubber stoppered g l a s s  b o t t l e  and 
t e s t e d  weekly. The r e s u l t s  of t b i s  t e s t  work are shown in C h a r t  III. As shown i n  
t h i s  chart ,  only one week i n  this condition had decreased the riaximum fluidf-ty from 
60 t o  only 2 1  di.ivi_sions per  ninute. Subsequent t e s t ing  shobied f u r t h e r  considerable 
decline i n  maximm f l u i d i t y  but  a t  a decreasing rate. 
second sanple was prepared and t e s t ed  daily.  ?he r e s u l t s  showed a decrease in m a -  
imm f l u i d i t y  from 60 t o  33 .d th  o n l y  2L hours standing a t  room temperature, and 
fu r the r  decrease t o  about 20 a f t e r  one week. These r e s u l t s  explained the lack of 
agreement i n  &plicate  t e s t ing  and my explain i n  p a r t  the considerable var ia t ion 
shown i n  the  maximum f l u i d i t y  of p l an t  control  samples. 
standard time program of sample preparation and of t e s t ing  was formed. 

A var i e ty  of nethods have been desrribed i n  the l i t e r a t u r e  f o r  preserving samples of 
coal f o r  future  s tudy .  
natural  gas, f i l l i n g  the air space i n  the container with water, and freezing the 
samples. 
qu i r e  fu r the r  treatment 3f t h e  sample that may produce changes as g rea t  as would 
have occurred during storage under air. 
natural  gas served only p a r t i a l l y  t o  de t e r  t h e  olddation and t he  decrease i n  the 
p l a s t i c  properties. 

Because six samples i s  about the m & m  nmber  that can be t e s t ed  by one operator 
i n  one plastometer i n  an 8-hour uork day, and because of the ~ a r i o u s  d i f f i c u l t i e s  
of preserving sam?les, a group of  t e s t s  was run t o  study the change i n  p l a s t i c  pro- 
p e r t i e s  w i t h  r e spec t  t o  p a r t i c l e  s i z e  of t he  coal being preserved. The results are 
shown i n  Chart IV. 
s i z e  f o r  a sample t h a t  was t o  be held e m n  f o r  t h e  f e w  clap of  a t e s t i n g  program. 

It mag be noted a t  this point t h a t  sane o f  these sane d i f f i c u l t i e s  were experienced 
i n  coking t e s t s  with a SOO-lb. t e s t  oven. 
l a rge  sample of coal  f o r  use i n  a s e r i e s  of tests in order t o  eliminate var ia t ions 
that might occur in separate  samples. It was found t h a t  Sunnyside coal, ground i n  
the  laboratory h a m e r n i l l  t o  approximately 75% -1/8" and preserved i n  covered s t e e l  
ctrums, showed decided changes i n  coking propert ies  within two weeks storage. 

Although preliminary s tud ie s  had in- 

Gieseler tests of stock coal had shoun considerable va r i a t ion  in 

?lastometer t e s t ing  a l s o  was 

In the t e s t  data 

I n  v i e w  of these results a 

I n  view of these r e su l t s  a 

These include s torage under an i n e r t  atmosphere such as 

Except f o r  t he  use of an i n e r t  atmosphere, tnese nethods of ten m u l d  re- 

Also, as shown i n  C h a r t  11, storage under 

The data obtained indicated t h a t  1/L* was t h e  minim p a r t i c l e  

It i s  customary ta obtain a relatively 

PLASTIC PROPERTIES OF BLENDS OF SWNYSIDE WITH LaGr LOLATILE COALS 

only after the rapid change in p l a s t i c  propert ies  of -35 mesh Sunnyside coal at  room 
temperatwe was understood was i t  possible to obtain sa t i s f ac to ry  results fo r  p l a s t i c  



- 50 - 

propert ies  of  blends of Sunqs ide  coal  Vith other  materials. 
in Chart I, t h e  p l a s t i c  temperature range f o r  Sunnyside coal  extends from about 3350 
t o  L60"c. Many t r u e  low v o l a t i l e  coals,  on the other hand, shou p l a s t i c  propert ies  
in t h e  Gieseler test i n  the  range &Lo to S0S"C. 
of  perhaps 20" i s  common t o  these two cypes o f  coal. 

AS shoun previously 

O n l y  a small temperature i n t e r v a l  

The change i n  maximum fluidity with change i n  composition of blends of Sunnyzi.de with 
two d i f fe ren t  low v o l a t i l e  coals  i s  shown i n  C h a r t  V. 
f o r  the Sunqpsi.de coal  and l o w  v o l a t i l e  coal  "8" w a s  apprd rna te ly  the same a t  50 t o  
60 divisions per  minute. 
produced a rapid decrease in  the m a x i m u m  fluidity with increase i n  the percent of 
the  low v o l a t i l e  c o a l  used t o  a minimum of approximately @- divis ions per  minute at 
a composition of about 75% Sunnyside and 25% low v o l a t i l e  coal. 
of  t e s t s  was run using low v o l a t i l e  coal "Bw of much lover  maximum fluidity. 
sarne type o f  curve resu l ted  except t h a t  t h e  change i n  maximum fluidity with increase 
i n  percent coa l  "Bwuas g rea t e r  than when t h e  more f lu id  low vola t i le  coal  nil'' was 
used. 

A minimum value f o r  t h e  f luidity of  a blend o f  coking coals  cannot be given because 
t h e  q u a l i t y  o f  the coke i s  influenced by many other  f a c t o r s  besides fluidity. How- 
ever, plant  practice had show t h a t  a t  times during the  year, par t icu lar ly  in t h e  
f a l l ,  the  coke qual i ty  decreased. This decrease i n  qual i ty  with increase i n  breeze 
uas found t o  be re la ted  t o  t h e  decrease in the m a x i m u m  f l u i d i t y  shown by t h e  mixed 
c o a l  be ing  carbonized. Attenpts t o  inprove t h e  coke q u a l i t y  by increasing the per- 
centzge of t i e  low v o l a t i l e  coal  were not very successful  and the reason f o r  this i s  
shown by the  course of t h e  curves given i n  C h a r t  V. 
v o l a t i l e  coal  decreases the  fluidity of t h e  mixed coal. 

TLASTIC pR0pESTIF;s OF BLENDS OF SUWYSDE WITH MEDIUM V O I A r n E  COALS 

Medium v o l a t i l e  coals are less desirable  f rom the economic standpoint f o r  blending 
with S m y s i d e  coal. 
obtain a given increase i n  t h e  s i ze  and s t rength  of the r e s u l t i n g  coke. 
re turn  in carbonization i s  love r  than obtained from low v o l a t i l e  coals. 
t h e  general ly  excellent coking propert ies  of medium v o l a t i l e  coals have been found 
t o  be desirable  f o r  use at Fontana f o r  obtaining b e t t e r  fused cokes and reduction i n  
breeze. 

The r e s u l t s  o f  Gieseler plastometer tests of blend3 of Sunnyside coal  v i t h  two differ-  
e n t  medium v o l a t i l e  coa ls  axe shown i n  C h a r t  V I .  It may be seen that t h e  change of 
maximum fluidity with change i n  conposition i s  no t  l inear .  
only the  p a r t s  o f  the curves from 0 t o  20% medium v o l a t i l e  coal  addi t ions have been 
of p r a c t i c a l  in te res t .  Ad&itions of medium v o l a t i l e  c o a l  i n  this range cause l i t t l e  
increase in t h e  d m u m  f l u i d i t y  of blends with Sunnyside coal. However, in campar- 
ison with the  use of  low v o l a t i l e  coal ,  it i s  s igni f icant  that the maximum f l u i d i t y  
ac tua l ly  increased o r  remained t h e  same and did no t  shou the very marked decrease of 
Sunnyside-low v o l a t i l e  c o a l  blends. 

PLASTICITY RELATIONSHIPS USING KOEHLER COAL 

The Koehler coal from the Raton, New Mexico, f i e l d  had been used a t  various times 
even before purchase of t h e  property by t h e  Kaiser S t e e l  Corporation i n  1957. 
Koehler coa l  shows considerably b e t t e r  p l a s t i c  propert ies  than t h e  Sunnyside coal  
although the  proximate ana lys i s  inclicates approxinately the same rank of coal, Table 
IT. Also, coke prodnced from s t r a i g h t  Koehler coal  i s  appreciably l a r g e r  and 
st ronger  than is  obtained from Sunnyside coal. 
approximately the same temperature range of occurrence of p l a s t i c  properties.  
of Sunnyside and Koehler coal  showed a l i n e a r  change i n  m C i m U m  flu&@ with *ge 
in composition, as i l l u s t r a t e d  i n  Chart VII. Blends of Koehler c o a l  with l o w  

The maximum fluidity shown 

gowever, adding t h i s  low v o l a t i l e  c o a l  to Slmnyside c o d  

The second s e r i e s  
The 

Increase i n  t h e  percent low 

Higher percentages of medium v o l a t i l e  coal  are required to 
The carb:.xl 
Neverthsless, 

For p r a c t i c a l  purposes 

The 

The Gieseler  plastorneter t es t  show 
Blends 

1 

1 
I 

I 
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v o l a t i l e  or with medium v o l a t i l e  coals shoved the same general  changes i n  maximum 
f l u i d i t y  with change i n  composition as described f o r  the  blends using Suriqsi.de coal ,  
Thus, in general, Koehler coa l  can be subs t i tu ted  f o r  Sunnysi.de coal. 

PLASTIC PROPWTIES OF BL!BDS OF LOW AND MEDIUM TIOWTILE COALS 

Tests  were made of blends of medium v o l a t i l e  and low v o l a t i l e  coals  for bas ic  infor -  
mation of blending. As would b e  expected, due 
t o  t h e  grea t  v a r i e t y  of  both low and medium v o l a t i l e  coals,  a great number of  combin- 
a t ions  are possible.  The r e s u l t s  shorn i n  C h a r t  VIE represent  o n l y  two s e r i e s  of 
p o s s i b i l i t i e s .  
v o l a t i l e  coal produced appreciable increases  i n  the m a x i m u m  f l u i d i t y  when o n l y  20% 
medium v o l a t i l e  coal  was present. 
coincidence of the temperature ranges o f  p l a s t i c i t y  compared t o  blends of Sunnyside 
with e i t h e r  low or medium v o l a t i l e  coal. 
very g r e a t  increases in m a x i m u m  fluidi,ty =re shown although it i s  probable t h a t  these 
increases  are  due to a considerable ex ten t  t o  the swelling that occurs during the 
t e s t i n g  of such blends. 

The r e s u l t s  a r e  shown i n  C h a r t  VIII. 

These r e s u l t s  indicated t h a t  addi t ion of medium v o l a t i l e  coal t o  low 

T h i s  r e s u l t  might be expected f r o m  the grea te r  

Above 20% addi t ion of medium v o l a t i l e  coal  

THREE-CGMPONENT E m %  OF SUTTNYSIDE, LOW, AND MEDIUM VOLATILE COALS 

Plant prac t ice  had shown t h a t  blends of Sunnyside and low v o l a t i l e  coals  were satis- 
fac tory  only p a r t  of the time; a t  other times the  fusion of the blend became poor 
resu l t ing  in excess breeze production and decrease i n  the tumbler t e s t  hardness 
factor .  Use of o n l y  medium v o l a t i l e  coa l  w i t h  Sunnyside is  not  desirable  because 
grea te r  percentages are required f o r  a given l e v e l  of size and s t rength .  These two 
considerations r e su l t ed  i n  t h e  pract ice  of using both low and medium v o l a t i l e  coals  
f o r  blending with Sunnyside coal. 
a t i l e  coal  are changed, depending upon t h e  economic considersibions and the  coke 
requirements a t  a given time. 

k t u a l l y ,  three-component blends of Sunnyside, low, and medium v o l a t i l e  coals  result 
i n  a var ie ty  of curves between the  individual  two-component s e r i e s  of Sunnyside- 
medium vola t i le  and Sunnyside-low vola t i le .  
When equal quant i t ies  of the low and medium v o l a t i l e  coals  used were blended with 
Sunnyside coal, the  change i n  maximum fluidity with change i n  percent blending coal  
added showed a decline i n  maximum f l u i d i t y  b u t  a t  a much slower r a t e  than shown k y  
using low v o l a t i l e  coa l  alone. When t h e  r e l a t i v e  percentages were changed t o  l/3 
low v o l a t i l e  and 2/3 medium v o l a t i l e  coal, the  maxhm fluidity shown by t h e  blend 
with Sunnyside coal showed e s s e n t i a l l y  no change i n  a m  f l u i d i t y  over the  pract- 
i c a l  range of addition o f  the  blending coal. ' 

OTHER COALS AND MATERIALS FOX INCREASING TFI~ FlUIDITY OF BLENDS 

Except f o r  a r e l a t i v e l y  few areas  i n  Colorado there are no known operating mines in 
southwestern United S t a t e s  producing high f l u i d i t y  coking coals. 
coals, of course, would be e s s e n t i a l l y  subs t i tu t ion  of t h e  high f l u i d i t y ,  probably 
high vola t i le ,  coal f o r  Sunrryside r a t h e r  than replacement of t h e  expensive medium and 
low v o l a t i l e  coals being used. 
propert ies  has shown extensive deposi ts  of both high v o l a t i l e  coking coal  of excel lent  
p l a s t i c  properkies as wel l  as deposi ts  of medium v o l a t i l e  coals  a l s o  of excel lent  
p l a s t i c  properties.  

Besides other  coals, Some na tura l  asphal ts  or bituminous mater ia l s  a r e  avai lable  
western raw materials.  A number of these materials have been tes ted.  Although such 
mater ia ls  become highly f l u i d  during carbonization, no t  a l l  of them show t h e  same 
a b i l i t y  t o  improve t h e  coke qua l i ty .  It i s  probable t h a t  the  differences in e f f e c t s  
on p l a s t i c  propert ies  are r e l a t e d  to  differences in the  p l a s t i c  ranges of these 
b i t a o u s  materials together with var ia t ions in the r a t e  and manner of decomposition 

The r e l a t i v e  percentages of low and medium vol- 

Two re la t ionships  are shown i n  Chart M. 

The use of such 

Fxploration i n  the Kaiser S t e e l  Corporation's Raton 

Use o f  these sources awaits fu ture  development. 
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and devolat i l izat ion.  

One such na tura l  bituminous n a t e r i a l  that has been used in  emergency on the plant  
sca le  bas i s  i s  Gilsoni te( l0)  obtained *om northeastern U t a h .  
p l a n t  pract ice  during periods %hen t h e  coals on hand did not  possess suf f ic ien t  
f l u i d i t y ,  t h a t  3$ t o  5% Gilsoni te  could be blended with the coking mix successfully 
t o  reduce the plant coke breeze yield.  
-Cklidity obtained by blending Gilsonite e i ther  with Sunnyside coal or with low vola- 
t i l e  coal, a rd  conparative r e s u l t s  are  indicated f o r  the  benefi ts  i n  increasing 
f l u i d i t y  obtained using medium v o l a t i l e  coal. 
of Gilsoni te  cause decided increases  i n  the maximum f l u i d i t y  shown by coals i n  the 
Gieseler plastoneter t e s t .  

Chart X I  i l l u s t r a t e s  the appl icat ion of Gilsonite t o  a plant  coal  mix. 
174% low v o l a t i l e  coal  t o  Sixmyside decreased the  maximum f l u i d i t y  from &2 divisions 
per minute for  s t r a i g h t  Swnyside down to  only 20 divis ions per minute. 
of Gilsoni te  to  this 82%-: 172% blend caused rapid increase i n  maximum f l u i d i t y  
with Tincrease i n  percent cri lsonite.  Only &% Gilsonite was required t o  r a i s e  the 
f l u i d i t y  of the coal blsnd up t o  the value shown by the Sunnyside coal i t s e l f .  E'ur- 
t h i r  s m l l  increases i n  Gi l soni te  brought the  m a x h u m  f l u i d i t y  t o  over 100 dilivisions 
per minute, 
s o  t h a t  Gilsoni te  has not  been used on a continuing basis.  

USE OF INEW MATEllIALS FC3 IFPROVING TEIE QUALITY OF COKE OBTAINED FROM SDNNYSIDE 
COAL 

It was found in 

Chart X shows the increase in the maximum 

It i s  evident 'that small percentages 

Addition o f  

AdcEtions 

Carbon return is very l o w  f o r  Gilsonite and the delivered cost  i s  high 

There has ahws been ac t ive  i n t e r e s t  a t  Fontana i n  f inding subs t i tu tes  f o r  t h e  ex- 
pensive lox and medim v o l a t i l e  coals t h a t  have been required t o  improve the  coke 
q u a l i t y  f o r  sa t i s fac tory  b l a s t  furnace performance. 
the p o s s i b i l i t i e s  f o r  success were s m a l l  because Sunnyside coal, coked alone, does 
not f i e l d  completely fused coke. Pebbly seam and, a t  times, considerable portions 
of poorly fusPd'agglomerate r a t h e r  than t rue  coke are  found. 
hardly be e-xpected t o  absorb i n e r t  o r  non-coking carbonaceous materials wtthout fur- 
t h e r  considerable increase i n  breeze. Den with excellent coking coals  such i n e r t  
materials have been found t o  give variable r e s u l t s  depending on source and composi- 
t ion.  For example, some v a r i e t i e s  of anthraci te  have been used successfully f o r  
incorporation i n t o  c ki g blends f o r  increasing coke s i z e  and foundry coke production 
a t  fast coking r a t e s y l l f ,  but only cer ta in  anthraci tes  have been found su i tab le  for 
t h i s  application. A t  Fontana many v a r i e t i e s  of char, anthraci te ,  petroleum coke, 
and other i n e r t  materials have been tes ted,  generally w i t h  poor resul ts .  

An example of t h e  e f fec ts  on t h e  p l a s t i c  properties i s  the use o f  petroleum coke as 
a blending mater ia l  f o r  increasing t h e  coke s ize  and strength.  C h a r t  XI1 shows the 
re la t ionships  between mximum f l u i d i t y  of t h e  blend and the percent petroleum coke. 
A s  might be expected, increase i n  percent petroleum coke caused decrease in the  m- 
imum f l u i d i t y  of the blend. 
decrease of the maximum f l u i d i t y  i s  l e s s  than shown by equivalent additions of low 
v o l a t i l e  coal. 
of blends of Sunnyside aid Xoehler coals  with i n e r t  .mterials, but using Gilsonite 
and other na tura l  high fluidity mater ia ls  fo r  increasing the p l a s t i c  character is t ics  
of the blends. 

It has a l s o  been recognized that 

Thus, this coal could 

However, it is  in te res t ing  t o  note t h a t  the rate  of 

Test work is under way a t  present t o  examine the p l a s t i c  properties 

CONCLUSION 

A knowledge of the p l a s t i c  propert ies  of the  Sunnysi.de coal has been found useful in 
explaining experiences i n  the  use of the coal both alone and i n  blends with other 
materials. T h i s  information has a l s o  been beneficial  in the select ion o f  other coals 
f o r  blending and i n  the determination of su i tab le  blends, 
that p l a s t i c i t y  i s  only one fac tor  in t h e  se lec t ion  and use of coals for  carboniza- 
t ion.  

However, it i s  recognized 

The Gieseler plastometer t e s t  has been found mos t  useful  f o r  t h e  
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determination of the p l a s t i c  propert ies  of coals  and blends of coa l s  and for t h e  
detection of changes i n  the  p l a s t i c  properties.  
b i l i t y  of t he  Sunrrgside coal  t o  rapid changes i n  p l a s t i c  propert ies  a t  room tempera- 
ture, f o r  fine pa r t i c l e  s i zes ,  has been very important f o r  obtaining sa t i s f ac to ry  
r e s u l t s  f o r  duplicate t e s t s  and f o r  series of samples. Such r ap id  change i n  p l a s t i c  
properties at room temperature may be of importance for other  laborator ies  t o  con- 
s i d e r  where d i f f i c u l t i e s  have been experienced in obtaining duplicate r e s u l t s  or 
consis tent  values f o r  plastometer tes t ing.  These effects may become increasingly 
important i n  the estimation and use of other higher rank coals  because of the in- 
creased mechanization of mining and finer coal  production, cleaning of f i n e r  s i zes ,  
t h e  use of heat  drying t o  reduce the moisture content of coking coals  before shipment, 
and the stocking of f i n e r  coking coals. 

The understanding of t he  suscepti- 
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TABLE I 

SIZE 

COMPARISON OF GIESELF;R TLASPOMETER MAXIXM, 
FREE ShXLLING INDEX, AND AGGLUTINATION TEST INDEX 

SUNNYSIDE COAL: V.M. &Os, 7%, SULE'UR 1.2% 

A.I .  - 
. 9.1 

6.9 ;t 6.7 
5.5 
5.3 

.5 1+ 3.9 
No fusion 1 2.7 

- 19 3+ 5.7 - 
Ir. 5 
2.9 

1.0 2 
1.3 2% 

s m  A.I. - FSI - P.MAX. - 
13 9/: 

2 -8 9 
2.2 9 
1.3 8 
1.2 . 8 

Z! .8 
.6 

No fusion 3 

TABLE I1 

19 .I 
18 .5 
18.1 
15.3 
h . 3  

7.8 
L.8 
2.5 

ANALYSES AND PLASTIC ?ROPERTIES OF VARIOUS SIZES OF 
SUNNXSIDE 'COAL FROM THE CLEANING PLANT 

A N A L P S I S  (DRY BASIS) GIESELER PLASTOMETW TEST 
H20 V.M. F.C. ASH SUL. F.M. .1 D/M MAX. SOLID. PIAX. 

'C OC D/M % %  a c  o'm % %  % 

6n x 1-5/8~ 3.h L2.1 52.L 5.5 1.12 339 370 k29 L59 55 
1 4 / 8 n  x 1/2" 11.8 40.3 52.9 6,8 1.18 339 367 b29 L59 1r6 
1 / 2 N  x 3/l6n 7.9 lrO.1 52.9 7.0 1.U 31r7 369 I128 L59 19 
3/16nx 28 mesh 8.b 39.5 52.9 7.6 1.a 3 u  372 L26 &59 lh 
28 mesh x 0 22.2 39.2 52.6 8.2 1.27 366 387 L27 h55 8 1 
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TABLE I11 

!ZNNYSIDE CO& RECOVERED FROM STOCKPILE 
COAL APPROXIMATEIS 60 DAYS I N  STOCK 

SAMPLE SIZE CONSIST P . W .  
EO. h28 MESH -28 MESH {28 MESH -28 MESH 

.1 
2 
3 
L 
5 
6 
7 
8 
9 
10 
.ll 
12 

88 
8L 
RL 
7L 
78 
92 
8L 
a5 
82 
88 
83 
81 

12 
16 
16 
26 
22 
18 
16 
15 
18 
12 
17 
19 

38 
15 
25 
35 
37 
65 
35 
15 
SO 
57 
32 
LO 

9 
9 
1.8 
3.3 
1.9 
9 
5.Q 
ll 
7 
10 
ll 
10 

TABLE IV 

PROXIMATE- ANALYSES, SULFUR, AND GIESELEI TEST DATA 

C'CEJ ST ITUENT SAL,YSIS (DRY BASIS) GIESGLER PLASTOMETER TEST . .  . .  H SUL. F.M. .I. D/M MAX. SOLID. IW. 
% % % %  OC "C O C  "C D/M 

P e t r o l e u m  Coke 

Gilsoni te  

LO.& 
37.7 
26.1 
23.9 
23.h 
19.6 
18 .L 
17.7 
17.3 

12.2 

77.7 

52.9 6.7 1.21 
L9.8 12.5 .71 
66.9 7.0 1.07 
69.9 6.2 .58 
69.1 7.5 .68 
72.3 8.1 -73 
75.6 6.0 ' .72 

7h.O 8.7 .95 
7L.h 7.9 .88 

87.6 .2 1.15 

21.9 .b .I9 

333 
330 
377 
38h 
386 
L25 
L25 
u2 
u2 

368 L26 L58 60 
365 L27 lr62 200 
383 h53 504 2700 
391 L67 SOL 1900 
395 k62 507 2000 
h30 &7& 511 160 
827 h76 510 65 
U6 L82 509 22 
U 6  h87 507 7 

No Fusion 

Too Fluid To T e s t  
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TEE RXLATIONSHIP BETWEEN TRE CHEMICAL AND PLASTIC PROPERT~ES OF 
ALABAMA MEDIUM-VOLATILE COALS ASD THEIR CARBONIZATION BEHAVIOR 

B. R. Kuchta and J. D. Clendenin 

United S ta tes  S tee l  Corporation 
Applied Research Laboratory 

h n r o e v i l l e ,  Pa. 

Because coke qua l i ty  i s  a s ignif icant  factor i n  t h e  e f f i c i e n t  operation of 
b l a s t  furnaces, coke-plant operators are  continually s t r iv ing  t o  produce the  highest 
qual i ty  coke possible. No less important t o  the operators, however, a re  those char- 
a c t e r i s t i c s  of the coals or coal blends that influence the coking pressure and the 
ease with which each charge can be pushed from the oven. The d i f f i c u l t i e s  in  pushing 
coke from the ovens have been classified1)* in to  two general categories: 
inherent i n  the  par t icu lar  coals or coal blends and (2) those due t o  plant  practices.  
Apart from the d i f f i c u l t i e s  a t t r ibu tab le  t o  plant  practices,  insuff ic ient  contraction 
of the coking charge a t  t h e  end of the coking cycle is undoubtedly the  most common 
reason for  coke being hard t o  push f r o m  the oven. Insuff ic ient  contraction can be 
caused by e i t h e r  a lack of suf f ic ien t  contraction inherent in the coal or coal blend, 
or by incomplete carbonization of the coa l  charge i n  the oven. 

(1) those 

The expansion-contraction data obtained from a sole-heated oven is usually 
used t o  provide an indication of t h i s  aspect of the coking behavior of coal  charges. 
As was pointed out recently,2) a minimum contraction of 7 per cent in the  sole-heated 
oven a t  the plant-operating bulk density is  considered the l imit ing value for avoiding 
trouble caused by pushing d i f f icu l t ies .  
volume-change character is t ics  (or expansion-contraction propert ies)  a re  re la ted  t o  
the chemical and p l a s t i c  propert ies  of a w i d e  range of coals. 
on coking-strength evaluations indicated t h a t  more workable re la t ionships  could be 
established i f  the correlat ions w e r e  confined t o  a narrower range o f  coals or coal  
blends. 
t o  determlne whether t h i s  concept was applicable i n  re la t ing  the volume-change 
character is t ics  of several  Alabama mdium-volatile coals t o  t h e i r  chemical and p l a s t i c  
properties.  Such a re la t ionship would be extremely useful  at  U. S. S t e e l ' s  Fairfield 
p lan t  in Alabama. 

Other inves t iga tors3~4)  have shown tha t  

However, investigations5) 

Accordingly, U. S. S tee l ' s  App l i ed  Research Laboratory undertook a program 

Source and Ident i f icat ian o f  Coals 

Thir ty  coal  samples, 5 washed and 25 raw-mlne samples, were examined for  
chemical, p las t ic ,  coking, and volume-change properties.  The samples were obtained 
from the Pratt, h r i c a n ,  and Mary Lee seams of the Warrior Coal Field in Alabama. 
The 5 washed samples were obtained by taking representative gross samples of about 
250 pounds each of f reshly mined coal  from between 5 and 10 mine cars  a t  t h e  
unloading s ta t ion  of each of 5 mines. 
square openings and were exper imnta l ly  washed t o  a p p r o x e t e  the ac tua l  cormnercial 
preparation of the respective coals. 
zones in the v e r t i c a l  face of the coal seam at specif ic  site locat ions in the three 
seams, see Table I. Each sample w a s  chosen by v isua l  inspection of br ight  Wd d u l l  
coal in the seams, t o  give differences in coal type. 

Experimental Procedures 

These samples w e r e  crushed t o  pass 2-inch 

The 25 r a w  samples were taken from different  

I n k h e  preparation of the  charges for carbonization tests, a l l  coals 
were dried t o  a nominal moisture content of 1 per  cent and pulverized t o  a l//lC-inch 
top s ize .  

* See References. 
\ 
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The carbonization t e s t s  were conducted in the 30-pound test oven and in a 

sole-heated Oven a t  the Applied Research Laboratory. 
oven were conducted a t  the  fast rate (1850 F) described in a previous publication.5) 
The sole-heated oven used is similar i n  construction t o  the Bureau of Mines sole- 
heated oven6) except t h a t  it is heated by four Globar heating elements and changes 
in the v o l w  of the coa l  charge are  continuously recorded by means of an inductance- 
bridge type i n s t m n t  (a l so  known as a d i f fe ren t ia l  transformer). The cokes pro- 
duced i n  these o ens were t e s t e d  according t o  the U. s. Stee l  Modified Tumbler 
Test procedure .5r 

Tests in the 30-pound t e s t  

The p r o x h t e  analyses and mineral-matter contents of the various samples 
a r e  shown in Table I. For purposes of comparison, it w a s  necessary t o  correct  
the as-measured volatile-matter contents o f  the coals t o  the Parr true-volati le- 
matter content basis.7) 
The volume change (expansion o r  contraction) i n  the sole-heated oven and the 
re la t ive  strengths o f  cokes from t h i s  oven are  presented i n  Table III. The coking 
pressures and the strengths of the cokes from the 30-pound t e s t  oven are  l i s t e d  in 
Table IV. 

The p l a s t i c  properties of the coals are given in Table 11. 

In  the sole-heated oven tests, s ignif icant  differences i n  Oven bulk 
densi t ies  were noted f o r  various charges, with coals of lower ash content showing 
generally lower bulk densi t ies  than coals of higher ash content, as  i l l u s t r a t e d  
i n  Figure 1. Moreover, because the coals of higher ash content were more resis-  
t a n t  t o  pulverization, the coarseness of the  higher ash coals, expressed as the  
per cent retained on 8 mesh, was =eater for these coals than f o r  those of lower 
ash content, Figure 2. Therefore, because bulk density a f fec ts  the as-measured 
volume change, these values were corrected8) t o  a constant bulk density of 55 
pounds per cubic foot and t o  1 per  cent of the as-charged coal retained on 4 
mesh, t o  present the t e s t  results on a comparative basis. A reference bulk density 
of 55 pounds per cubic foot was used because t h i s  i s  approximately the  highest l eve l  
that can be attained with air-dr ied coal i n  commercial practice.  Bulk density also 
influences coking pressure, but a t  t h e  lower pressures encountered with these coals 
the e f fec t  is small. 

Chemical. and Plas t ic  Properties of Coals 

Most of these coals a r e  c lass i f ied  a s  medium-volatile in rank. A few of 
the  raw mine samples and the Pratt seam, Mine A, washed samples w e r e  on the border- 
line between medium-volatile and high-volatile A i n  the American Society f o r  Testing 
Material (ASTM) c lass i f icat ion.9)  
about 3 t o  almost 26 per  cent, and the sulfur contents from 0.6 t o  5.6 per cent, 
Table I. 
and the sulfur contents between 0.8 and 1.7 per cent. 
the highest  sulfur contents. 

The ash content of the r a w  samples ranged from 

The ash contents o f  t h e  washed coals ranged between 7 and 11.7 per cent, 
The Pratt-seam coals shoved 

The p las t ic  propert ies  of these coals ranged from medium t o  high f luidi ty ,  
When the sole-heated-oven volm-change resul ts ,  Table 111, were plotted 

A l l  coals having maxirmun f l u i d i t i e s  above 10,000 d i a l  divisions per 

Table 11. 
against  t h e  Gieseler maximum f lu id i ty ,  two pr incipal  behavior groups were evident, 
Figure 3. 
minute (ddpm) were contracting within a range from about 5 t o  30 per cent. Those 
coals  having maximum f l u i d i t i e s  below 10,000 ddpm ranged from mildly contracting, 
through neutral ,  t o  moderately expanding a t  about 2500 ddpm f lu id i ty .  The r a w  
and washed Pratt Seam samples from Mine A; the raw American Seam, S i t e  No.  2 
samples; the  raw h r y  Lee Seam, S i t e  No. 1 samples; and the  washed Pra t t  Seam, 
Mlne B samples a l l  showed f l u i d i t i e s  above 10,000 ddpm. The remaining samples 
showed lower f l u i d i t i e s .  
r e s u l t  of the  Gieseler Plastometer f l u i d i t y  measurements indicates tha t  the plasto- 
meter test may be usefbl i n  distinguishing between volume-change behavior groups in  
these coals.  a re  i n  general agreement with the relationship sham by 
Raugle, Davis, and Wilson4$ for coals ranging from low vola t i le  t o  high-volatile A. 

Therefore, the different ia t ion of coals ObSeNed as a 

These resu l t  
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Volume Change 

, 

I 

I 

I 
Y 
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The volume changes of the 30 samples a f t e r  carbonization in the  sole- 
heated oven were found t o  correlate  with (1) volatile-matter contents for samples 
containing similar ash contents and (2) with ash contents f o r  samples with similar 
v o l a t i l e  matter contents. 

along w i t h  selected Bureau of Mines datal') is plot ted in Figure 4 against  the 
corresponding volatile-matter and ash contents on the dry basis. 
seam coals (Mines A, B, and C )  and 1 American-seam coal  the volume change varied 
l i n e a r l y  from s l i g h t l y  expanding t o  strongly contracting a s  the vola t i le  matter 
increased for ash contents between about 6 t o  9 per cent. 
i s  also evident for the  3 Mary Lee seam coals, which had a higher leve l  of ash 
content o f  IJ t o  I 2  per  cent. 
coals from Mine A, taken from the  same site in the  mine, and the  washed sample from 
t h i s  same mine ( a l l  plo t ted  in Figure 5)  showed contraction varying l inear ly  w i t h  
ash content when t r u e  volati le-matter contents ranged between 30.8 and 31.8 per  
cent. 
t h i s  program except that the individual e f f e c t s  o f  vo la t i le  n a t t e r  and ash were 
masked by one another. 

those noted above, were reported by B r O m 3 )  for Pennsylvania and West Virginla 
coals; for tbseit w a s  a l s o  sham t h a t  separate relationships exis ted between t h e  
expansion and the  o l a t i l e  matter of two low-volatile c o a h .  
Davis, and Wilson47 a l so  showed t h i s  same type of relationship,  except that ex- 
pansion w a s  plo t ted  against  the dry, mineral-matter-free fixed-carbon contents of 
the coals.  The fixed-carbon content, calculated on the  dry, mineral-matter-free 
bas i s  should give a similar relationship t o  t h a t  with the t rue  volatile-matter 
content, because the fixed-carbon content is simply 100 minus the volati le-matter 
content determined in the proximste analysis. 

The volume change of each of the  5 washed coals  used in t h i s  program, 

For the 5 Pratt- 

This s a  relationship 

In contrast  t o  the washed coals, t h e  r a w  Pratt-seam 

These SEUE general  relationships were evident for the other coals used in 

General re la t ionships  within narrow ranges of v o l a t i l e  matter, similar t o  

Later work by N a m e ,  

An examination of the  volume-change behavior of the  various r a w  samples 
in terms of t h e i r  s i t e  and zone locations in the mine provided the following results. 
In the Pratt Seam Mine A samples, contraction decreased from top t o  bottom of the  
seam a s  the ash contents of the  zone samples decreased from top  t o  bottom. These 
relationships a re  shown in Figure 6 .  
of the S i te  No. 1 zone samples varied from strongly expanding at  the top of the seam, 
t o  mildly contracting about one-third down from the top of t h e  seam, and back t o  
moderately expanding i n  t h e  lower t w o  th i rds  of the seam, Figure 7. Although the 
ash contents of these samples were re la t ive ly  low, the mildly contracting zone had 
the highest ash content. In the S i t e  No. 2 zone samples from th i s  mine, the top and 
bottom zones were strongly contracting (about 17 t o  20$), whereas the two middle 
zones were only moderately contracting (about g$). 
all. below 8 per cent, more than doubled between top and bottom. 

In the American seam samples the volume change 

The ash contents of these samples, 

In the M y  Lee Seam samples, the S i t e  No. 1 zone samples changed from 
mildly contracting a t  the top of t h e  seam t o  strongly contracting between about 
one-fourth and one-half way down from the  top, dropped t o  mildly contracting about 
three-fourths of the distance from the  top, and increased again t o  strongly con- 
t rac t ing  a t  the bottom, Figure 8. The S i t e  No. 2 samples were almost neutral  a t  
a bulk density of 55 pounds per cubic foot  in the sole-heated oven. The volume 
change varied from incipient ly  contracting at  the top of the seam t o  mildly ex- 
panding between the top and about one-quarter of the way down from the top  of the 
seam, t o  mildly contracting between one-quarter and one-third of the way down, t o  
k c i p i e n t l y  expanding between two-thirds of t h e  way down from the  top and t o  m i l d l y  
contracting at the bottom. 

\ 
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Coke Strength 

Because there was insuff ic ient  coal in each sample for  carbonization 
t e s t s  in the Laboratory's 500-pound oven, an attempt was made t o  evaluate the 
strengths of the cokes from the  sole-heated oven, Table 111, and those o f t h e  
corresponding cokes from the  30-pound t e s t  oven, Table IV. 
were plotted,  Figure 9, in terms of the Modified Tumbler Index. The correlation 
coeff ic ient  for the relat ionship shown in Figure 9 was 0.94. 
from the two ovens maintained similar re la t ive  positions: 
cokes in t h e  one oven also produced strong cokes in the other oven. 
wide differences in coking r a t e s  i n  the two ovens, the relationship tha t  is valid 
for  these coals cannot be expected t o  b e  generally applicable t o  other coals, 
especial ly  t o  less  strongly coking coals. 

These re la t ive  strengths 

In general, the  cokes 
coals tha t  producea strong 

Because of the 

The influence of t h e  ash contents of the raw and washed coals on the 
strengths of the test-oven cokes can be distinguished when the data a r e  examined 
c r i t i c a l l y ,  but the fill e f f e c t  ismaskedand is  d i f f i c u l t  t o  es tabl ish conclusively 
because o f  the interrelat ionship between the ash content and the degree of pulveri- 
zation of the various charges, shown i n  Figure 2. In the present tests, the larger 
average-particle s i z e  of some coals, par t icular ly  those in which t h e  inert-type 
materials present are r e s i s t a n t  t o  pulverization, resulted in more abradable cokes 
with lower kbdified Tumbler Indexes than those produced f r o m  coals of smaller 
par t ic le  size,  see Tables 111 and IV. 
produced cokes d strengths equivalent t o  o r  greater than cokes f r o m  coals of 
lower ash content, apparently because the inert materials present in the  former 
were reduced t o  smaller p a r t i c l e  s ize  than those in the  l a t t e r .  
s imilar  ash content, e i t h e r  high or low, showed marked differences in degree of 
pulverization, those of coarser aize-consist usually yielded test-oven cokes of 
lower strength.  

Other coals of re la t ive ly  high ash content 

When coals of 

summary: 
The chief r e s u l t s  of t h i s  investigation of the possible correlations 

exis t ing between the carbonization behavior of these coals and t h e i r  chemical 
and p l a s t i c  properties were as follows: 

A l l  coals, both raw and washed, can be c lass i f ied  i n  two broad (1) 
f l u i d i t y  and volume-change groups : (a)  those showing f l u i d i t i e s  above 10,000 ddpm, 
a l l  of which were contracting, and ( b )  those below 10,000 ddpm, but above approxi- 
mately 2500 ddpm, which were mildly contracting, neutral ,  o r  moderately expanding. 
Thus, measurement of f l u i d i t y  in the Gieseler plastometer may be a means of 
c lass i fying similar coals i n t o  a t  l e a s t  two broad groups, according t o  the relative 
volume change observed in the  sole-heated oven. 

(2) For ash contents within narrow limits and for the range of volati le- 

Likewise, for  coals 
matter contents determined in these coals, volume change in the sole-heated oven 
showed a l inear  change with dry-basis vo la t i le -mt te r  content. 
of a narrow range of t rue  volati le-matter contents, contraction increased with 
increasing ash content. Consequently, i t  should be possible t o  correlate the 
volume change of these coals with t h e i r  chemical properties.  However, because 
var ia t ions existed in t h e  r a w  and washed coals f r o m  the  various seams used in this  
Fnve'stigation, and a r e  known t o  e x i s t  in practice,  it is natural  t o  expect variations 
in both the  volatile-matter and the  ash contents of these coals. It would appear, 
therefore,  tha t  a useful method o f  estimating the comparative pushing characterist ics 
of these coals from an examination of the i r  chemical properties should resu l t  from 
the use of the relat ive v o l m  change obtained from a multiple correlation with 
corrected ash and volatile-matter contents. 



- 67 - 
( 3 )  A signif icant  correlat ion existed between the mdi f i ed  Tumbler Indexes 

of the cokes produced in the sole-heated oven and those produced i n  the  30-pound 
test oven. 

(4) The influence of ash content on coke strength was evident. However, 
the separate and f u l l  e f fec t  of ash content was masked by par t i c l e  size, which has 
an important influence on coke strength, because increased ash content i n  the samples 
tes ted  also indicated an increased amount of coarse, pulverization-resistant, iner t -  
type, intermediate-gravity materials in  the coal. The prac t ica l  significance of t h i s  
relationship is probably limited because the washed coals used i n  pract ice  have 
ash contents that m y  not vary enough t o  appreciably a f fec t  t he  coke strength. 
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Table I 

~roximste Analyses and Calculated Minerd-Matter Contents (DI-Y Basis) 

Proximate Analysis, 

Volatile Fixed 
7% 

coal  Matter - 
American Seam 

Washed 
Si te  No. 1 Zone 1 

(Raw) Zone 2 
Zone 3 
Zone 4 
Zone 5 

site No. 2 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Eu1 Seam 

Pra t t  Seam, Mine A 

Washed 
Si te  No. 1 

(Raw) 

Mary Lee Seam 

Washed 
Si te  Bo. 1 

(Raw) 

Zone 1 
Zone 2 
Zone 3 
Zove 4 
Full Seam 

Zone 1 
,Zone 2 
Zone 3 
Zone 4 
Zone 5 

Zone 1 
Zone 2 
Zone 3 
Zone 4 
Zone 5 

Pra t t  Seam, Mine B 

Washed 

Prat t  Seam, Mine C 

Washed 

26.7 
23.6 
23-9 
22.9 
23-3 
24.6 

30.4 
29.8 
30.3 
29.7 
30.0 

30.2 
28.6 
28.9 
30.4 
30.4 
27.5 

27.6 
29.0 
28.3 
27.0 
29- 5 
28.4 

24.8 
24.9 
25.2 
25.1 
27.2 

26.1 

28.0 

Carbon 

65.8 
72.7 
73.0 
66.4 
n . 6  
69.8 

66.3 
64.8 
65.2 
63.3 
63.5 

62.3 
54.9 
61.9 
66.2 
65.2 
57.6 

60.7 
58.6 

47.4 
61.3 
52.8 

59.1 
60.8 
57.0 
62.6 
65.8 

54.0 

67.0 

63.6 

Ash - 

7.5 
3.7 
3-1 

10.7 
5-2 
5.6 

3.3 
5.4 
4.5 
7.0 
6.5 

7.5 
16-5- 
9.2 
3-4 
4.4 

14.9 

11.7 
12.4 
17.7 
25.6 
9.2 

18.8 

16.1 
14.3 
17.8 
12.3 
7.1 

7.0 

8.4 

S U l W ,  
d 

0.9 
0.9 
0.8 
1.0 
0.8 
1.1 

0.6 
0.7 
0.6 
0.7 
0.6 

1.7 
5.6 
1.7 
1.7 
1.9 
2.1 

0.8 
0.7 
1.1 
1.1 
0.6 
0.6 

1.8 
0.6 
0.9 
0.6 
0.7 

1- 3 

1.7 

Calculated 
Mineral 

bbtter, vt .I, 

8.6 
4.5 
3.7 
12.1 
6.1 
6.7 

3.9 
6.2 
5.2 
8.0 
7.4 

8-3  
20;g 
10.9 
4.6 
5.8 

17.3 

13.1 
13.8 
19.7 
28.3 
10.3 
20.6 

15.8 

13.6 
8.1 

18.4 

19.7 

8.3 

10.0 
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Table n 

1 

Ccal 
Arerican S e a  
Vasneci 

- 

Plast ic  Properties 

S i t e  KO. 1 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Zone 5 

S i t e  No. 2 Zone 1 
(Raw) Zone 2 

Zone 3 
&ne 4 
Full Seam 

Prat t  Seam, Mine A 

Gieseler * 
I.Iaxisnzm Fluidi ty  

Dial Divisions 
Per Min A t  C - 

7, 400 449 
4,000 458 
3,400 454 
3, 800 459 
2,800 476 
2,700 450 

18,500 438 
12,000 439 
18,500 437 
16,500 434 
18,500 442 

Plas t ic  Range, C 

Temperature Temperature 

380 515 
391 504 
385 503 
390 502 

~ 390 506 
385 505 
376 494 
373- k82 
373- 493 
375 

Softening Solidification 

373 464 

Washed 16,500 436 
S i t e  No. 1 Zone 1 14,000 432 

(Raw) Zone 2 20, OOO 437 
Zone 3 17,500 432 
%ne 4 20,500 434 
Ful l  Seam 19,000 437 

Mary Lee Seam 

Washed 9,500 442 
448 
441 
442 Zone 3 21,500 

&ne 4 12,000. 447 
Zone 5 14,000 436 

::E S i t e  No. 1 Zone 1 
(Raw) Zone 2 

348 496 
350 489 
356 503 
355 486 
354 497 
357 500 

362 495 
371 490 
370 491 
370 484 
361 490 
363 489 

S i t e  No. 2 Zone 1 3,500 444 367 499 
458 369 500 
446 364 498 

Zone 2 3, $00 

444 371 494 
Zone 3 5,000 
Zone 4 7,000 
Zone 5 8,500 446 362 497 

Washed 6,000 449 391 502 

Washed 13,000 439 368 500 

(Raw) 

Pra t t  Seam, ?.line B 

E a t t  Sew, Mine C 

* washer vas used on the Gleseler plastoceter re tor t  t o  prevent swellin@;. 
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1 

1 Table 111 

Sole-Heated Oven Test Results I 

Volume change Corrected 
(as Measured), Oven Volume Change, Modified Tumbler 

Bulk Density,* 3 Index of Coke 
(at 55 lb/cu ft) Cum % + 3/4in. , 

5 - coal Final  lb/cu f t  

American Seam 

Washed -4.1 55 -2.9 75 
Si te  No. 1 Zone 1 -3.8 48 +u.3 74 

(Raw) Zone 2 +l.s -0.5 5 1  +7.9 77 
Zone 3 -7.8 53 -2.7 56 
Zone 4 -3.6 5 1  +7.8 75 
Zone 5 + L O  -0.7 52 +5.9 69 

Site  No. 2 Zone 1 
(Raw) Zone 2 

b n e  3 
&ne 4 
Full Seam 

-20.6 

-18.7 
-27.8 
-18.8 

-13- 5 
48 
48 
50 
5 1  
50 

-17.1 
-9.1 
-8.9 

1 -20.7 
-9.0 

62 
58 
66 
43 
57 

Prat t  Seam, Mine A 

Washed -25.2 52 -20.1 63 
Si t e  No- 1 Zone 1 -32.2 56 -31.9 55 
(hw) Zone 2 -27.7 52 -22.8 36 

Zone 3 -20.6 52 -14.7 72 
%ne 4 -15.4 52 -10.3 72 
IWU Seam -30.0 56 -29.9 14 

Mary Lee Seam 

Washed m.3 -3.9 54 0.0 
Si te  No. 1 Zone 1 -9.1 53 - -3.4 

(Raw) Zone 2 -20.6 56 -19.9 
-U.8 
-4.4 

Zone 3 -21.4 58 
Zone 4 -12.1 51 
Zone 5 -24.3 53 -20.0 

Si te  No. 2 Zone 1 -5.1 53 
(Raw) Zone 2 +l.3 -2.3 53 

Zone 3 -8.0 54 
Zone 4 -3.4 53 
Zone 5 -7.2 53 

-0.6 
43.5 
-4.9 
4 . 8  
-3.2 

73 
58 
24 
43 
67 
18 

74 
70 
45 
69 
69 

Prat t  Seam, Mine B 

Washed +3.1 +LO 55 +1.6 75 

Prat t  Seam, Mine C 

Washed -9.0 55 -8.1 72 

* One $ moisture content. 

t 



- 71 - 

Table N 

Coking-Pressure aud Modified-Tumbler-Index Results 
(Conducted i n  3O-Pound Test Oven) 

coa l  - 
American Seam 

Washed 
S i t e  No. 1 Zone 1 

(Raw) Zone 2 
Zone 3 
Zone 4 
Zone 5 

S i t e  No. 2 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Full Seam 

Pra t t  Seam, Mine A 

Washed 
S i t e  No. 1 Zone 1 

(Raw) Zone 2 
Zone 3 
Zone 4 
Full Seam 

Mary Lee Seam 

Washed 
S i t e  No. 1 Zone 1 
(Raw) Zone 2 

Zone 3 
Zone 4 
Zone 5 

S i t e  No. 2 Zone 1 
(RQW) Zone 2 

Zone 3 
Zone 4 
Zone 5 

Pra t t  Seam, Vhe  B 

Washed 

w a t t  Seam, Nine C 

Washed 

* b e  :‘p moisture content. 

coking 
Pressure, Oven Bulk Density,* 

p s i  lb/cu f t  

1.0 
1.0 
1.2 
1.6 
1.9 
0.9 

47 
44 
46 
46 
45 
45 

0.6 45 
1.0 45 
0.7 48 
0.8 44 
0.6 44 

1.5 48 
47 
46 

0.9 48 

1.2 
1.0 - 
1.6 4; 

2.1 
1.0 
1.0 
1.4 
1.3 

&.4 

2.8 
2.3 
1.0 

-. 

1.0 

49 
45 
48 
50 
46 
47 

48 
46 
49 

45 
- 

- 

1.0 47 

Modified 
Tumbler Index 

cum d p  3/4 in. 

68 n 
66 
54 
64 
65 

58 
62 
61 
59 
58 

65 
62 
50 

62 
24 

70 
58 
41 
50 
61 
26 

72 
68 
50 

70 
- 

- 

65 
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Figure No. 1 

EFFECT OF ASH COmTEmT ON BULK DENSITY 
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Figure No. 2 

EFFECT OF ASH COETEXC ON PULVERIZATION (PER CENT RETAlXD ON &MESH) 
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Volume Change, per cent 
(corrected to 55 lb/fG BD) 
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F 

Figure No. 7 i 

\ 

1 

COMPARISON OF SI?IE AND ZONE SAMPLES FROM AMERICAN SEAM MINE 

site No. 1 Site B. 2 
0 5 10 

0 - ' -10 - 
L I 

o r  Volume  Change [ I I Ash 

co 
zone \ 

34- 
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78" 

9T' 
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0 volume ~aange; Ber cent, 
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Figure Eo. 6 

COMPARISON OF ZOIKE SAMPLES FROM THE PRATT SEAM, MINE A 

Zones - 

Ash, per cent 
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Figure No. 8 

C W A R I S O N  OF SmTE AND 'ZONE SAMF'IES FROM MARY LFE SEAM MLmE 
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Figure No. 9 
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l!mFuaL ComwCTIvTITT OF cARBommm BRIQUETTES 

A. s. Bien, 0. p h i u p s ,  and M. Wolkstein 

Newark College of Engineering, newark, Hew Jersey 

Introduct ion 

The purpose o f  t h i s  work w a s  t o  determine the  e f f e c t  of temperature 
End br ique t t ing  prsssure  on t h e  thermal conductivity of  b r ique t tes  made 
from bituminous coal,  an th rac i t e ,  and petroleum f l u i d  coke. The b r i -  
quet tes  were formed by pressing these mater ia ls  w i t h  s u i t a b l e  binders. 

meter ia ls  there  i s  a d e e r t h  of fundamental and systematic data on t h e i r  
propert ies  , such as thermal conductivity . There i s  a need pa r t i cu la r ly  
f o r  thermal conductivity dzte  which would be used f o r  t h e  proper desizn 
of b r i cue t t e  carbonizing. r e t o r t s  end b r ique t t e  using furnzces.  Conse- 
quently it was f e l t  t h a t  any fu r the r  study, such as covere6 by this paper, 
w i l l  60 2 lon6 way towards upgrading t h i s  process from i t s  present s t a s e  
as an 21% t o  one based upon sound technological pr inc ip les .  

Brlquett  inp 

a t  225'F 2nd ground i n  a hammer mill through a 3/64" screen. 
nous coal  was then contacted with a i r  a t  ,55OoF u n t i l  it was adequately 
oxidized to reduce coking power as observed by t h e  ASTK f r e e  swellin_a 
tes t .  The petroleum coke a l so  shown i n  Table I was d r i e d  end ground i n  
a b a l l  m i l l  f o r  15 minutes. 

The pulverized coals and coke were blended w i t h  s u i t a b l e  binders,  
i . e . ,  coal with c o a l  t a r  p i t c h  and coke with coker bottoms. The proper- 
t i e s  of t h e  binders which were chosen on t h e  basis  of p r a c t i c a l  considera- 
t ions  as t o  eeneral  a v a i l a b i l i t g  and adequacy are shown i n  Table 11. 

br ique t te ,  3+" in diameter, end approximately 1" th ick .  Briquett ing 
pressures of 1000, 3000, 4000 and 5000 ps i6  were used t o  determine subse- 
quently the  e f f ec t  of gressure on thermal conductivity.  

Table I - Propert ies  of Carbonaceous Nater ia l s  

In s p i t e  of t h e  promising fu tu re  f o r  carbonized br ique t tes  of these  

Coals  having t h e  proper t ies  shown i n  Table I were d r i ed  i n  an oven 
The b i tumi-  

The mix was then  pressed i n  a hydraulic press t o  form a cy l indr ica l  

Ant hrac it e B i t  urn inou s 

4.1% 19.5% 6.1% 
0.4% 0.7% 6.1% 

80.1 73 -3% 
15.4g 6.5% 0.0% 

Fixed C 
Ash 
Vola  t il e 
Sulfur 

-- Table I1 - Propert ies  of Binders 

Coker Bottoms 

84.0% 

Sulfur  0.6% 5.2% 

--733$--- Conradson C W% 
Ultim3te Analysis - Carbon 94.0% 

Fydrogen 5.1% 8.5% 

A s h  0.2% 

Present address: Chemical Construction Corporation, New York, New York 
Present address : Scient if I C  Design Corporation, i?ew York,  New York 

t 
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Carb oniz a t  ion 

A l i n e r  w a s  made t o  f i t  an ordinary laboratory muffle furnace i n  
order t o  d r ive  off t h e  v o l a t i l e  matter and d e s i p e d  t o  carbonize the bpi- 
quet tes  a t  various temperatures i n  an ine r t -  atmosghere - o f  nLtragen. The 
nitrogen was Brehezted i n  t h e  outer  sec t ion  o f  the l i n e r  before comine i n  
contact with the b r ique t t e s .  The furnace was heated a t  a r z t e  o f  3O t o  
5oF pe r  minute f o r  t h e  p e t r o l e m  coke and v l th rac i t e ,  while f o r  t h e  bi tu-  
mlnous c o a l  t h i s  heat-up ra te  was maintained up t o  9oO°F and reduced t o  
lo? per  minute above t h i s  temperature. 3xperience w i t h  these materials 
had shown t h a t ,  if these  r a t e s  were edhered t o ,  cracking due t o  t o o  rzpid 
vaporization of  the v o l a t i l e  metter and s h r i n k q e  o f  t h e  br ique t tes  could 
be evoided. The purpose o f  t h i s  procedure xes t o  dF ive  o f f  t he  v o l e t i l e  
ngt:er s o  t ha t  i t  would no% suk3eq~ez t ly  f o u l  the  comiuctivity c e l l  2a-d 
30 t h z t  t he  dimensions of t h e  t e s t  syecinen could be s t ab i l i zed  2nd be 
eccurately neisured p r i o r  t o  t h e  determicat ion. 

Thermal Conduct i v i t v  

on t h a t  rlescribed by J. 5 .  Tinck (1, 2 )  nodified t o  enp-ble these determina- 
t i o x i  t o  be conducted i n  an i tnosphere o f  ni t roken i n  order t o  prevent 
conbustion of t h e  s a p l e s .  A cross-section diagrzm of  t he  c e l l  i s  shown 
i n  ?iLmye I with an enlarged view showing the r e l a t i v e  locetions of the 
thermocouplss , t sst hea te r ,  p a r d s  end sample i n  Fieure 11. 

~ n ?  del ivsred 250 ~ v a t t s  et  110 V. In t h e  same p l a t e  vas a guard heatPr 
2$" wide, xhich forged a. r i n g  eround the  tes t  hea ter .  The b o t t o m  F a r d  
hea ter  was sepamted from t h e  other  heaters  by 2&" of diatonaceous earth.  
Atop eEcb ol" these heat ing elements iiaS an isothermal p l z t e  of 3/4" 
s i l i c o n  carbide in which chromsl alumel thermocouplss were ircbedded. T$e ssroplev, which,  a f t e r  shrin!&age durin,? carbonizins,  were s l l s h t l y  over 3 
i n  diameter, yere pla.ced on t h e  t e s t  hea te r  isothermal p l a t e  znd covered 
by an addi t iona l  s i l i c o n  carbide isothermal plate. 

The ?.lousing was 22" i n  dislseter by 23" overa l l  h e i e - t .  
sealed by a, 14" f lange cover in order t o  nake it gas t iEh t .  
c o o l e r ,  t o  provide an adequate temperature d i f f e r e n t i a l ,  xas atteched t o  
t'ns fAange cover. 

The thermal coz-ductivity c e l l  used in  these  deterainat ions was based 

The t e s t  kea te r  element w2.s imbedded i n  e 3" diameter alucdun ? l a t e  

The c e l l  was 
A water 

The ins ide  o f  the  c e l l  houslng was l ined  with 5" of 2000°F castable 
insulat ion.  The spaces between the  c e l l  components and the  l in ing  were 
f i l l e d  with loose diatomaceous ear th .  

The heaters  were cont ro l led  by mems of  powerstzts, 45 amp, 110 V for 
t h e  marc? heaters  znd 7.5 amp, 110 V f o r  t k e  t e s t  heater .  The power imput 
t o  t h e  t e s t  hea te r  wes measured by 'e. 0-500 ma millZameter and 9-50 V volt -  
iaeter at low power l eve l s  znd 100/200 watt dual  range wattmeter a t  hisher 
lev91s. This wattmeter w a s  accurate t o  ' 3  watt.  

The ac tua l  temperature d i f f e r e n t i a l  across the  t e s t  piece was 
neasured by s t e in l e s s  s t e e l  sheathed chrome1 alumel thermocouples a t  t he  
points indicated i n  F i w r e  11. 

The formula f o r  thermal conductivity i n  a steady s t a t e  systern.is as 
follows : K=E 

9 = quant i ty  o f  heat t ransfer red  
s = thickness of sample 

where K = thermal conductivity 

I 

1 



- 83 - 
A = cross sec t iona l  area of heat t r a n s f e r  
t = temperature d i f f e r e n t i a l  across szslple 

In  o r d e r  f o r  t h i s  equation t o  be ve l id  ce r t a in  conditions must be 
met. 1) The system must be i n  a s t a t e  o f  thermrl equilibrium. 2 )  The 
heat flow must be normel t o  t h e  cross sec t iona l  area througll t he  e n t i r e  
he ish t  of t he  sample. 3) All t ?e  heat eenerated i n  t h e  t e s t  hea te r  and 
o ~ l y  t h i s  heat xtst flow throuah the  sample. 
t i s 1  nust be reasonably small. The warded hot p l a t e  c e l l  used i n  t h i s  
study subs tan t ia l ly  s a t i s f i e d  t h o  f i r s t  t h ree  conditions,  2nd minimized 
t h e  ill ef fec ts  of t he  fourth.  

If the f i r s t  condition i s  s a t i s f i e d  by maintaininz t h e  c e l l  a t  
constant teu!pereture f o r  a reasonzbly 109,- period o f  t ime and the  t h i r d  
condition is  s a t i s f i e d  by meintaining the  t e s t ,  r i n s  g a r d  and bottom 
s a r d  isothermel  p l a t e s  a t  ea sen t i s l l y  t h e  same temperature, t h u s  negatins 
any l a t e r a l  o r  downward thermal dri-rinz forces .  

4) The temperature difreren-  

It carl be shown by t h e  following analysis  t h s t  the second conCition 

The heat generated i n  t h e  t e s t  hea te r  flows upward in to  the  t e s t  
sample except f o r  e small amount which flows in to  the  sap between t h e  
r i n g  guard and t e s t  heaters  and then flows upward. (See Fi ,ure  11) By 
placing an isothermal p l a t e  on top  of t h e  t e s t  sample the re  i s  l i t t l e  
tendency f o r  heat mieration toward point 3 ,  s ince  the  temperature a t  
points  3 and 4 are now essen t i a l ly  equal. Yith t h i s  t o p  p l e t e  t he  heat 
flow w i l l  t e n d  t o  diverge toward point 3 due t o  t he  d i f fe rence  i n  confiuc- 
t i v i t y  i n  t h e  t e s t  sample and t h e  in su la t in s  material  above t h e  r ing guard 
p l a t e  and t h e  r e su l t an t  temperature d i f fe rence  at points  3 and 4. The 
same analysis  would hold f o r  t he  heat generated i n  t h e  r ing  guzrd heater .  
A n  addi t ional  item which e f f ec t s  t h e  d i r ec t ion  of t he  flow o f  heat from 
t h e  r ing  hea ter  is t he  e f f ec t  of heat lo3ses.  Heat losses  from the  r i n e  
w i l l  a f fec t  the flow of heat t h roum t h e  tes t  sample i f  they become exces- 
s ive.  However, with adequste insulat ion the  adverse e f f e c t  of end losses  
can be kept within the  l l m i t s  of experimentel accuracy. 

The fourth condition must be somewhrt s a t i s f i e d  because the  cocduc- 
t i v i t g  i s  actu2l ly  a reean value between the  conductivity et hot end cold 
ftice teaperetures.  The use of this  v a l u e  assunes t h a t  a l i n e a r  r e l e t ion -  
ship ex i s t s  between conductivity and temperature . 
The values for thermal conductivity determined i n  this study a r e  tabulated 
below i n  Table I11 and p lo t ted  i n  F i G r e  1 x 1 .  In  a l l  cases ,  except were 
noted, the  br ique t tes  were pre-carbonized 2.t approximately t h e  seme tenpera- 
t u r e  as t h e  conductivity de t  e m i n a t  ion. 

i s  e l s o  s a t i s f i e d :  

TABL3 I11 
Material  B r i q .  Mean K Kat e r i e l  Briq. Mean K 

Press Temp. a!!'TJ/ Press Temp. 5TU/ 
PSIG O F  U R d F - 9 T 2 /  ZSIG OF HR-oF-:-T~/ 

3030 287 2.51 2200 293 3.80 

Di IN 

Anthracite 1000 295 2.69 Coke 1000 285 4.10 

5000 284 2.87 5000 309 3.92 
1000 890 4.09 4000 726 3 -36 

' 3000 894 3 -76 1000 a m  2.97 
5000 916 3.80 3000 928 2.82 
5000 1271 5 -36 3030 1277 2.56 
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-- Table I11 (Cont. ) 

Nzt e r  i a1 Briq. Miem K 
Press Temp. 
PSIG OF ZR-OF-FT~/  

7- 

4 

Bituminous 1030 263 1.36 
3000 276 1.23 
5000 277 1.18 
3000 591 1.18 
lOC0 941 2.91 
3030 880 3 -28 
5000 865 2.88 
5000 1234 5.61 
1030, 1465 9.98 
1000, 475 7.10 
1000 1116 8.0 

These br iquet tes  were carbonized a t  16000F t o  show e f f ec t  of temperatures. ii 

A study by Batchelor e t  a1 ( 3 )  on br iquet tes  formed f r o m  25% Pit tsburg 
seam bituminous coal ,  63.5% low temperature char of  t h i s  mater ia l ,  2nd 
11.5% p i t ch  is subs t an t i a l ly  i n  apeement w i t h  the r e su l t s  of the  present 
study o n  bituminous coa l  br ique t tes .  In both cases the materia1 w a s  pre- 
cerboniz ed 

Table E 
K-ETU/HR-OF-FT~/IN 

Temp. OF Batchelor et 21 Present Study 

300 I .a 1.2 
600 1.8 1.2 
900 2.4 3 - 0  
1200 4.8 5.6 
1500 9.5 10.0 

The only other thermal conductivity da ta  fougfl there the r e su l t s  
were determined at e levsted temperatures i s  t h e t  of Terres (4 )  on pieces 
of D-glish coking coals .  The values a r e  in  reasonable agreement with the  
present study. The work of Eeletzki  (5)  on pulverized coals i s  e l so  i n  
good agreement cocsiderinn t h a t  h i s  values were de te rmind  a t  room tempera- i 

t u r e  and t o  be compered t o  the  current study should include a temperature 
coe f f i c i en t .  This da t a  together  with t h a t  of Batchelor e t  a1 is  shown i n  
Fi_mre N. 

A n  attempt t o  show t h e  e f f ec t  of tempsrature alone involved t h e  
measurement of conduct ivi t ies  on a b r ique t t e  which had been carbonized at  
1600°7. The conduct ivi t ies  of  t h i s  br ique t te  a t  lower t emperatures were 
considerzbly hib&er than t h e  condact ivi t ies  of br ique t tes  carbonized at  
t h s  temperzture of  t h e  conductivity determination. (See Figure V )  

From the above discussion,  it will be evident t h a t  t h e  vzlues f o r  
-thermal concuctivity determined i n  t h i s  study a r e  values which include 
t h e  e f fec t  af temperature en& t h e  e f f ec t  of carbonization. For design 
considerations th i s  i s  the  m o s t  useful  conductivity value. 

r 

/ 
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A n  a t t e m ~ t  was a l s o  mzde t o  determine t h e  e f f ec t  o f  b r i q u e t t i n s  

pressure on t h e  therms 1 ccnCuct i v i t  y . Se.mples br ioue t t  ed et three  
dii ' ferent pressures were mezsurd a t  303OF znci, 303%, e n 1  t k e  viri5.Y :.,J:--s 
found were wel l  within tho  accuracy of t h e  determination act tharefore  
could not be a t t r i bu ted  t o  differences i n  b r lque t t i ng  pressures.  

As a r e s u l t  of these  t e s t s ,  i t  is f e l t  t h a t  t h e  conductivity of 
br iquet ted cozls is dependent on the  na ture  of the base mzter ia l  only 
slightly rcodified b y  t h e  binding zeent and Independent of t he  pressure 
e f f ec t s  of br ique t t ine .  Other propert ies  probably en te r  in to  the  p ic ture ,  
such as p s r t i c l e  s i z e ,  but these  were beyond the  scope of t h i s  study. 

It I s  possible  t o  formulate equations f o r  t h e  conduct ivi t ies  of 
f l u i 3  coke and entthrecite, within the  ranee s tudied,  but t h e  equation 
f o r  t h e  curve f o r  bituminous coal  would requi re  e. f a c t o r  re la ted  t a  the  
coking power of t h e  coal .  The equetions fo r  f l u i d  coke and zntl?rr,cite 
include only a temperature f ac to r  s ince  t h e  carbonaceous base in  these 
cases has not undergone any subs t an t i a l  thermal chanee. 
could h m e  been cont inued t o  higher t enperatures , t h e  coef f i c i e n t  of 
thermal change would probably en te r  Into these  equations a l s o .  

If t h e  study 

These conclusions a r e  q u i t e  rezsonable s ince  t h e  bituminous coal  
undergoes fusion and loses  i t s  p a r t i c u l a t e  na ture  on carbonizing, while 
the other  materials rema i n  pe r t  i c u l a t e  even at much hiEher t emperstures 
then encountered In t h i s  study. They do, however, g ive  up v o l a t i l e  
matter consis t ing mostly of hydrosen Indiczt ing a des t ruc t ive  d i s t i l l a -  
t i o n  which could probably a f f e c t  t h e  therms1 conductivity.  

The eauations f o r  t h e  thermel conductivity of t h e  br ique t ted  mater ia l  
based on the curves shown 

Anthracite 

300-1200°F -- K 

Bituminous Coal 

3 0 0 ~ -  6 0 0 0 ~  -- 
600'- 900°F -- 
9000- 1200OF -- 

1200'- 1500°F -- 
Fluid Coke 

300-120co~ -- K 

i n  " i s r e  111 a r e  as-fol lows:  

I 2.30 + 1.0 10% 4 9.0 x 10-7t2 

K = 1.20 
K = 0.0049t - 1.59 
K = 0.0087t - 5.01 
K = 0.0150t - 13.70 

= 4.32 - 1.42 x 
K is t h e  thermel conductivitv in BTU/FR-OF - FT2/IS 

t is temperature In OF. 

The everage devie t ion  about t h e  mean value f o r  t hese  determlnp.tions 
i s  5 t o  8% by measurement. The absolute  accuracy, as calculated from 
poss ib le  e r rors  i n  t h e  measurement of temperature and heat  input ,  is 
i n  t h e  order of 15 t o  20%. This is well within t h e  l i m i t s  required f o r  
enaineering work and owing t o  t h e  very special ized na tu re  of t h e  
br ique t tes  and the  high degree of var ia tbn  found in t h e  cha rac t e r i s t i c s  
of coals, I s  a.bout as accurate  as  would be required.  
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A- ELECTRICAL CONNECTIONS 

8-THERMOCOUPLE CONNECTlONS 

c -  WATER-COOLED JACKET 

0 - M O L D E D  DIATOMACEOUS EARTH 

E- SILICON CARBIDE ISOTHERMAL PLATES 

F-ALUNDUN HEATING ELEMENTS , 

F, - TEST HEATER 

Fz-RING HEATER 

F ~ - B O T T O M  GUARD HEATER 

G-2000.F CASTABLE REFRACTORY 

H- 2 7 0 0  *F CASTABLE REFRACTORY 

J-LOOSE DIATOMACEOUS EARTH 

T - T E S T  SAMPLE 

DIAGRAM OF THE THERMAL CONDUCTIVITY CELL 

. F I G U R E  I 

-- 
I SILICON CARBIDE 

- 3  T,C. 4 

t 
SAMPLE SURFACE THERMOCOUPLES 

TYC . 
SILICON CARBIDE 

I I  

RING GUARD HEATER TEST HEATER RING GUARD HEATER 

I A n n n I 

TWO INCHES OF MOLDED DIATOMACEOUS EARTH 

n "  A 

I 101 c. 
1 

T C  0 SIL ICON CARBIDE 

BOTTOM GUARD HEATER 

& 

T C -1HERYOCOUPLE LOCATION 

THERMOCOUPLE ARRANGEMENT I N  CON DUCTlV lTY C E L L  

F I G U R E  X I  
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THERMAL C O N W C T I V I T Y  VS MEAN TEMPERATURE FOR BRIQUETTES MADE FROM 

ANTHRACITE, BITAMINOUS COAL AND PETROLEUM FLUID COKE. 

A ANTHRACITE 
BITUMINOUS COAL 

Q FLUID COKE 

I I I I 
9 ' 3  6 12 I5 

I 

MEAN TEMPERATURE X I O O F  

FIGURE XU 

f 
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T€E COMPACTION 3F SEMI-PLASTIC MATERIAIS 

H. R. Gregory 

C o a l  Research Establishment, National 
C o a l  Board, Stcke Orchard, Cheltenham, 

Engl and. 

1. INTRODUCTION 

For many years coa l  research s c i e n t i s t s  have been t ry ing  t o  f i n  
economic method of br ique t t ing  bituminous coa l  mithout a binder, 1,2,%e 
The conventional br ique t t ing  processes fo r  coa l  involve the use of p i t c h  o r  
bitumen as an adhesive; this is undesirable fo r  obvious reasons. 

While i t  has f o r  many .years been possible t o  br ique t te  bituminous 
coal without a -b inder ,  no process has been operated commercially f o r  any 
length  of time, e i t h e r  because the preparation requirements for the c o a l  
were t o o  s t r ingent  - f o r  example, the coa l  ha'd t o  be rnicronised - o r  
because the compaction pressures demanded were too high f o r  economic 
operation. 

Research at the Coal Research Establishment of the National Coa l  
Board at Cheltenham has sought t o  remove the need f o r  extremely f ine  
grinding of the p a r t i c l e  and the  need f o r  the comparatively high pressures 
of 12  to  15 tons per square inch. 
works well with B r i t i s h  bituminous coa ls  and i t  has now been applied t o  many 
coals from the Commonwealth. 

A technique has been evolved which 

T h i s  compaction technique is  usefu l  not only with coal: 
f inanc ia l  m a r g i n s  which a r e  ava i lab le  i n  the coa l  i ndus t r i e s  of the  world 
l i m i t  this application of the process. After all, where the t o t a l  process 
cos t  cannot exceed 20/- t o  3O/- per ton,  there  i s  no poss ib i l i t y  of refined 
techniques which require machines of some complexity. 

indeed the s m a l l  

It has been shorn tha t  the process can be applied t o  good e f f ec t  upon 
' ca ta lys t s  as used i n  the  petroleum and chemical i ndus t r i e s ,  t o  reac tor  

grzpbite,  i ron  ore ,  and many o ther  materials which are loosely termed 
"semi-plastic". 

This paper considers a few aspects of this research and describes sone 
developments which have l ed  t o  the building of s m a l l  p i l o t  p l a n t .  

2. W PRINCIPLES OF COMPACTION 

I n  order t o  obtain a compact of high s t rength  i t  is  necessarg t o  ensure 
t h a t  the compaction technique is e f fec t ive  i n  bringing about the necessary 
increase i n  density and t h a t  the  compact su f fe r s  no damage during ex t rac t ion  
from the mould. With coa l ,  at any r a t e ,  the s t rength  of a compact f o r  any 
g v e n  s i ze  d i s t r ibu t ion  and any given mode of preparation is  r e l a t ed  t o  the  
decs i ty  of the COQpaCt. The density and the  s t rength  are determined by the 
pressure which is applied,  but ult imately they approach l imi t ing  values which 
a re  not exceeded by fur ther  increasing the pressure. The l imi t ing  density 
of the compact f a l l s  sho r t  of t h e  density of the material  of the powder by 
an apFreciable margin, say 4 t o  20 per  cent,  depending on the material  used 
( se s  Fig. 1). 
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This fa i lu re  t o  achieve complete compaction arises in two ways. F i r s t ,  as 
the  br iquet t ing pressure i s  applied i t  is opposed by forces s e t  up i n  the powder 
and by f r i c t i o n a l  forces  on the w a l l s  of the mould which r e s i s t  the movement of the 
pa r t i c l e s  and prevent int imate  contact between the surfaces  o f  the par t ic les .  
Second, when the external  pressure is removed the deformed pa r t i c l e s  recover 
t h e i r  shape e l a s t i c a l l y ,  i n  pa r t  at least ,  and the compact expands; the voids 
w i t h i n  i t  increase and res idua l  strains r e m a i n .  
o r  a low Young's Modulus i s  associated with a weak compact. 

1 

A l a rge  e l a s t i c  recovery 

It has been found tha t  the densi ty  of a powder compact can be mater ia l ly  
increased f o r  a given applied pressure, if, w h i l s t  still  under load, it is 
subjected t o  shear s t ra in :  
is reduced. The g a i n  in s t r eng th  with the appl icat ion of  addi t ional  shear 
s t r a i n  under load may be subs t an t i a l  but  the f u l l  benefi t  is obtained o n l y  i f  
the  shear strain is introduced under maximum load. 

the s t rength  is increased and the e l a s t i c  recovery 

The compact made i n  this way may possess greater densi ty  a d  s t rength  than 
the l imi t ing  values obtained by simple pressing, but whether the compact is made 
by simple pressing or  by introducing addi t ional  shear strain under load, the 
s t rength  and density a re  still re la ted  by the same s ingle  curve. 

The usefulness of addi t iona l  shear  strain var ies  with the rheological  
propert ies  o f  the material. In the  case of a very p l a s t i c  substance having 
a negl igible  e l a s t i c  recovery, shear  strain has l i t t l e  t o  offer .  A t  the other 
extreme, anthraci te  dust o r  s i l i c a  sand, both of which are highly e l a s t i c  and 
show a very grea t  e l a s t i c  recoveq-, say 30 p e r  cent ,  form no compact at all 
with o r  without addi t ional  shear strain. The advantage of the process i s  found 
to  be with mater ia ls  lying between these extremes, m a t e r i a  which m a y  be termed 
semi-plastic. 
improves the briquette by some 5 t o  15 per  cent as measured by porosi ty ,  and 
the s t rength  is increased by a fac to r  between 3 and 15 (see F igsLand 2 ) .  

C o a l  is a typ ica l  exanple. The introduct ion of shear  strain 
' 

The meaning of shear  s t r a i n  as applied t o  an e l a s t i c  body is well understood 
( re f .  5, and see Fig. 3a) but its precise  meaning when applied t o  a par t icu la te  
m a s s  is not s o  obvious. 
lead shot are embedded t o  form a matrix. When pressure i s  applied t o  t h i s  m a s s  
of pa r t i c l e s  compaction w i l l  occur, and at a spec i f i c  pressure the  lead  shot 
w i l l  p l a s t i ca l ly  deform t o  r e g i s t e r  the deformation of the pa r t i c l e s  in  the 
neighbourhood of the shot .  The spher ica l  shot will have become e l l i p s o i d a l  
and a measurement of t h e i r  e l l i p t i c i t y  w i l l  give the angular shear s t r a i n  which 
has  occurred above the threshold of pressure at which the shot began t o  deform. 

Consider a m a s s  of coa l  pa r t i c l e s  in which spherical  

There a re  several  ways i n  which the e l l i p t i c i t y  can be measured and the 
angular shear  strain thus derived. 
an aluminium mould which i s  X-rayed at various pressure leve ls ;  
photographs w i l l  show the e l l i p t i c i t y  of the shot  from which the shear s t r a i n  
can be calculated,  o r  by a somewhat tedious ana lys i s  shear s t r a i n  may be derived 
from the t rans la t ion  of the shot .  
showing the deformation of lead shot  in such a br iquet te .  

For example, the compact may be made in  
the X-ray 

Fig. 3b is a s e r i e s  of X-ray photographs 

It i s  possible i n  the laboratory t o  make apparatus which w i l l  apply a 
known amount of s h e a r  s t r a i n  more o r  less uniformly throughout a m a s s  of 
par t ic les :  
shear box (see Fig. 5 ) .  Experimental nork with t h i s  type of apparatus permits ,  
a f a i r l y  accurate examination of the e f f ec t  of shear s t r a i n  t o  be made and is 
typ ica l  o f  the apparatus used t o  obtain the compaction curves previously mentioned. 
There i s  a theore t ica l  limit t o  the amount of  shear s t r a i n  that  can be introduced; 

# 

such an apparatus is a ro ta ry  shear box (see Fig. 4) o r  an annular 

, 
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at  high shear strains and with unfavourable stress d is t r ibu t ions  slip-plane f a i l u r e  
res-dts. 
s o i l  mechanics: 

The onset of slip-plane f a i l u r e  is determined by an equation famil iar  in 

s = s t a n + +  c 
nhere s is the ultimate shearing s t r e s s  of the br iquet ted mater ia l ,  

0- is the pr inc ipa l  s t r e s s  normal t o  the plane of f a i l u r e ,  
p is the angle of i n t e rna l  f r i c t i o n ,  
c is the cohesion of the material. 

The locus of the s l i p  plane is formed by a s e r i e s  of po in ts  at which the 
value o f  s i n  the above equation is exceeded by the imposed shear  stress. 
An e x d n a t i o n  of  the photograFh o f  the lead shot  markers shown in Fig. 3 b  
wLll show the  onset of  slip-plane failure at A. 
through the shot i t s e l f ,  wbich has been torn  apar t  by the excessive shear  
s t r e s ses  present at tha t  point. 
l a rge  e l a s t i c  rebound wkich causes d i f f i c u l t y  in extract ion:  
compaction forces  a re  released evenly the la rge  d i f f e r e n t i a l  expansion which 
r e s u l t s  mLll cause obvions o r  inc ip ien t  cracking i n  the br iquet te .  
shear  s t r a i n  improves compaction and reduces e l a s t i c  rebound, but i n  order t o  
obtain the grea tes t  benefi t  the  addi t iona l  shear  strain m u s t  take place at o r  
near the maximua p r e s s u r e  leve l .  

3ere the s l i p  plane passes 

This photogra2h a l s o  i l l u s t r a t e s  the very 
unless  the 

Additional 

Shear strain applied at pressures below two-thirds the maximum is, i n  
the case of coal ,  valueless. 
For an unsheared specimen the br iquet t ing sequence was compaction under increasing 
pressure alorg the curve a t o  f ,  followed by e l a s t i c  recovery and expansion along 
the  curve f ,  g, as the br iquet t ing pressure w a s  released. For a specimen subjected 
t o  a s m a l l  shear  s t r a i n  e a r l y  i n  the br ique t t ing  cycle, the sequence was compactiorz 

Fig. 3c shows the e f f ec t  of  shearing at low pressure. 

! along the  curve a t o  f ,  as far as b ,  followed by a reduction in the porosi ty  
\ b t o  h, m h i l s t  shearing takes  place at constant pressure. After shearing the  

br iquet t ing pressure m a s  again increased but the porosi ty  remained subs t an t i a l ly  
constant until the pressure reached the l eve l  required t o  achieve this porosity 
in the unsheared br iquet te .  

'\ 

A possible explanation of this is  tha t  a spec i f i c  br ique t t ing  pressure is 
associated with a given 'area of contact between the coa l  pa r t i c l e s .  
contact area is increased by the appl icat ion of shear strain, g rea t e r  pressure 
can be carr ied by the p a r t i c l e s  before they have t o  bed down fur ther .  From this 
i t  is seen tha t  to  obtain the grea tes t  improvement i n  br ique t te  qua l i ty  (as high 
densi ty  implies high s t rength)  addi t iona l  shear strain m u s t  be applied at a6 high 
a pressure as possible. I f  the br ique t t ing  pressure is increased after shearing, 
t he  br iquet te  may wel l  f f forget"  t ha t  i t  has been sheared. 

I f  this 

The ar t  of making high-density compacts may therefore  be summarized as 
the  introduct ion of t he  highest possible shear s t r a i n  at the m a x i m u m  pressure, 
the upper l imi t  of shear  s t r a i n  being s e t  by the development of slip-plane 
fa i lure .  T h i s  conclusion appl ies  t o  a mide va r i e ty  of materials. 

"HE SVE3A.L METHODS O F  CARRYING OUT THE PROCESS 

Tpro pieces of apparatus of great  use i n  the laboratory have been i l l u s t r a t e d  
i n  Figs. 4 and 5 ,  but ne i the r  of these can be applied t o  the br iquet t ing of a 
cheap raw material sach as, fo r  example, coal  - e i t h e r  because the f r i c t i o n a l  
res i s tance  inherent i n  the apparatus is too g rea t ,  o r  because of mere mechanical 
complex2ty, o r  because the operat ional  sequence is too d i f f i c u l t .  Therefore, 
although these pieces of aFparatus produce the nost  uniform d i s t r ibu t ion  of 
angular shear s t r a i n ,  and do this at maxim pressure, they a r e  of doubtful value 
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t o  a comerc ia l  process, and a l t e rna t ives  which are theore t ica l ly  no t  so 
des i rab le  have to  be used. 

The germ of a commercial process is t o  be seen i n  a two-stage compaction 
process i n  w'hich a mass of  p a r t i c l e s  placed i n  a mould is first compacted with a 
plane-ended punch and then Prith a punch prof i led  as i n  Fig. 6. 
compact made in the mould e x e r t s  a very considerable lateral thrust on the  
malls of the mould, and therefore although the plane punch is removed, the 
p a r t i c l e s  are still under considerable l o a d  when the prof i led  t o o l  is pressed 
i n t o  the first-formed briquette,  
under very considerable pressure. This method of manufacture w a s  used t o  
form the lead-shot-marker br ique t te  of Fig. 3b. From this photograph it w i l l  
be seen that the d i s t r i b u t i o n  of shear  strain is by no means uniform: the 
cent re  core undergoes very high shear strain whereas the  corners are f r iab le .  

The first 

The shear strain which then occurs does so  

This method of compaction can be developed i n t o  a commercial machine 
i n  which a composite plunger is used t o  form a ponder i n t o  a briquette.  
Fig. 7a shows a simple form of composite plunger. This has two worldng par t s ,  
an outer  annulus and an inner core,  which are locked together hydraulically 
u n t i l  the  average pressure over the cross-section of t he  br ique t te  h a s  risen 
t o  a predetermined l e v e l  near the maximum ( 4  t o  6 tons/sq.in.). 
point o i l  is allowed t o  pass from the  locking cavity t o  a reservoir,  the core 
of the plunger moves forward i n  r e l a t ion  t o  the  annulus and so  causes t h e  
required angular shear strain. The setting of t he  pressure l e v e l  at which o i l  
is  exhausted f rom the locking cavi ty  is important because shear strain m u s t  be  
made t o  occur under the  highest,possible loading. 
duplex plunger possess the  q u a l i t i e s  of hardness expected from them, but there 
remains the problem of  ex t rac t ing  them from the mould without damage, and this, 
indeed, poses more d i f f i c u l t  problems than those associated with their 
compaction. 

A t  this 

Briquettes made by this 

It has been noted already2 t h a t  d i f f e r e n t i a l  release of load will lead 
t o  inc ip ien t  o r  obvious cracking of the compact: 
entrainment, is a frequent cause of rrdecappingrr. The o n l y  so lu t ion  is the 
uniform re lease  o f  res idua l  strain. 
co-operate with the duplex plunger on its re turn  s t roke  so that the  br ique t te  
is subjected t o  a ana l l  longi tudina l  t h rus t  w h i l e  i t  is extracted from the 
mould. The Poisson r a t i o  e f f e c t  comes i n t o  play and release of strain is 
very nearly uniform. In  the  improved plunger shown i n  Fig. 7b the br ique t te  
is made i n  the extension of the  annulus. T h i s  arrangement h a s  the advantage 
that the briquette,  when undergoing its i n i t i a l  compression before the 
appl ica t ion  of shear strain, is v i r tua i ly  pressed from both ends s o  t h a t  its 
density is more uniform and the shear  s t r a i n ,  when applied, is more useful. 
It has the  furthe- advantage that ext rac t ion  is made e a s i e r  and the anvil jack, 
e s s e n t i a l  t o  the first system, is e l i t e d .  During ex t rac t ion  the centre 
core of the  plunger has t o  move forward t o  maintain the longitudinal load upon 
the  br ique t te  at 2 tons  2 10 per cent w h i l e  the  s ides  formed by the anndus 
a re  withdrawn. 

this, 85 w e l l  as a i r  

An anv i l  jack is therefore arranged t o  

This still presents  a d i f f i c u l t  hydraulic problem. 

Each s t roke  of t he  duplex ram produces one br ique t te  which may weigh 
% l b .  
design o f  such a PPSS compcises an arrangement of four duplex plungers 
operating i n  moulds set in two twelve-station ro ta ry  tables. 
powder t o  grav i ty- f i l l  over th ree  s ta t ions-  wEle  i t  is pressed at another 
station and ejected at a f i f t h .  

A commercial p ress  has t o  produce these at many tons per hour. ,, One 

This permits 

The whole assembly is hydraulically operated, 



tolerances are small and the  speed of operation has necessar i ly  t o  be high. 
cycle time of 1 second w a s  the a i m  set f o r  a l a rge  5 ton/h experimental version 
i l l u s t r a t e d  i n  Fig. 8. 
br ique t tes  of excel lent  qua l i ty  at 5 ton/sq.in. pressure. 

A 

It is not yet a r e l i a b l e  machine but it has produced 

- high angular shear  strain8 in this essen t i a l ly  two-stage process. The r ing- ro l l  
press3, on the other  hand, has  some promise. 
d i f f e ren t i a l  s l i p  between the inner roll and outer  r ing  of such a press  has been 

The poss ib i l i t y  of causing 
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4, PROCESS VAFiIABB 

Before discussing process var iables ,  the influence of wbich w i l l  vary 
grea t ly  with the material being compacted, i t  may be wise t o  coosider the 
mechanism by which high densi ty  i n  a compact may be achieved. 
w e l l  r e su l t  from a combination o f  mechanical inter locking,  the development of  
Van de r  W a a l  forces, and hotspot fusion or welding. 
necessary t o  have subs t an t i a l  p l a s t i c  deformation of the individual  pa r t i c l e s ,  
in order e i t h e r  ( a )  t o  c rea t e  new clean surfaces  and t o  br ing these -faces 
s M f i c i e n t l y  close together  f o r  mlecu la r  forces  t o  develop, or (b) t o  br ing 
about mechanical inter locking.  

Adhesion m a y  . 

In any event i t  is 

Under ordinary conditions, many of the pa r t i c l e s  from which it is 
required t o  form compacts, w i l l  f a i l  in compression by b r i t t l e  f racture .  
If, however, conditions are such that a hydrostatic state of stress can 
develop these otherwise b r i t t l e  pa r t i c l e s  w i l l  deform plas t ica l ly .  It is 
w e l l  knom, fo r  example, that a carbon rod  under t ens i l e  t e s t  can be made 
t o  elongate and 'neck' i n  the manner of a mild steel  specimen i f  it is 
subjected t o  hydrostat ic  pressure during; test. 

The technique which has been described of introducing angular shear  
strain under load favours the  p l a s t i c  deformation of otherwise b r i t t l e  
mater ia l  by breaking down in t e rna l  arches within the par t icu la te  mass forming 
the compact and causing thereby the  development of  a hydrostatic state of 
s t r e s s .  But c lear ly  the process var iables  should be arranged t o  give the 
greatest opportunity f o r  p l a s t i c  flow t o  develop: moisture content, temperature, 
p a r t i c l e  s i ze ,  par t ic le  shape, m i l l  all play t h e i r  par t  in th i s .  

Consider moisture content a8 a s ing le  independent variable; I in a U  I 

probabi l i ty  for a porous material the ease with which a pa r t i c l e  p l a s t i ca l ly  
deforms mill i n c r e a s e  with increasing moisture content. 
excessive m o i s t u r e  on the  surface of the p a r t i c l e  mill form a contamhat ing 
film t o  prevent the  surfaces approaching one annther, and SO developing a 
molecular bond. 
an optimum moisture content. 
be at o r  near  inherent moisture content level, Moisture  will have a secondary 
e f f ec t  as a lubricant. 

I But at the  same time, 

1 For t'ais reason there is likely t o  be, with many materials, 
Fortuitously, with most coals, this happens t o  

Rising temperature general ly  increases  the ease with which pa r t i c l e s  
deform and unless this rising temperature is associated with, let  UR sag, 
o d d a t i o n  of the surface,  which w i l l  act as a contaninant, increasing 
temperature w i l l  favour the  production of a dense compact. 
usual ly  an optimum temperature because some adsorption o f  gas  o r  vapour of ten 
occurs t o  form a contaninant film. 

Again there is 

Par t i c l e  size is of consequence because s m a l l  particles are shown by 
microsquashing techniques t o  deform more readi ly  than la rge  ones. 
energy considerations m a y  have a bearing upon this. 
f ine ly  divided mater ia l  of laminate form mill produce the g rea t e s t  s t rength  
and the highest density. 

Surface 
Generally speaking, 

I 

I 

The photomicrograph (Fig. l2a)  of a coa l  br iquet te  shows the p l a s t i c  . 
deformation which occurs i n  the l a rge  p a r t i c l e s  of b r i t t l e  coal  giving rise 
t o  a laminate s t ructure .  There i s  evidence that the p l a s t i c  deformation is such 
tha t  the surfaces of the p a r t i c l e s  are brought very close together (see Fig. U b )  
and you w i l l  note the  remarkable diffprence between the s t ruc ture  of the briquette 
made n i t h  and without addi t iona l  shear strain, (Figs. 12c and Ud) .  

I 
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5. 

6, 

7. 

Fig. l2e is a photomicrograph of a br iquet te  made at an elevated temperature 
o f  42OoC at which the e s i n i t e  has melted o r  become very p l a s t i c  indeed t o  form 
a matrix holding the more r i g i d  p a r t i c l e s  together so forming an interlocked 
s t ruc ture  of great  st,rength. 

Increasing pressure w i l l  obviously increase the density of the compact t o  
that point at which i n t e r n a l  arching and the f r i c t i o n a l  res is tance on the  walls 
of the mould make f u r t h e r  increase p r o f i t l e s s .  It is obviously o f  economic 
importance t o  use the lowest possible pressure and this variable  is not therefore 
of real importance i n  t h i s  discussion. 

Restating the obvious: the grea tes t  density and the grea tes t  s t rength of 
compact w i l l  be obtained by se lec t ing  those conditions of moisture ccntent ,  
t e q e r a t u r e ,  p a r t i c l e  s i z e ,  e tc . ,  which favour p l a s t i c  deformation but which do 
not give r i s e  t o  t h e  formation of contaminant fi lm upon the surface of the 
par t ic les .  

THE COST OF TBE PROCESS 

The process w a s  developed f o r  u s e  with bituminous B r i t i s h  coal  and the 
f inanc ia l  margin was not grea te r  than 20/- t o  3O/- per ton. 
of paramount importance t o  devise machines and a preparation technique which 
were of the l e a s t  complication. 
preparation techniques and t o  develop high speed spec ia l  purpose br iquet t ing 
machines. 

It w a s  therefore 

It was e s s e n t i a l  t o  look carefu l ly  at exis t ing  

A sample cost ing f o r  bituminous coa l  is given i n  Table 1. 

where the f inanc ia l  margins are not s o  t i g h t ,  f u l l  advantage can be taken 
of the subs tan t ia l  gains i n  s t rength  which are avai lable  - i n  the case of coal 
it was imperative t o  use simple robust machines which were unable t o  introduce 
the  shear  s t r a i n  in a uniform manner - process perfect ion had t o  be sacr i f iced  
t o  achieve economic simplicity.  

CONCLUSIONS 

Numerous attempts have been made in the past  t o  br ique t te  bituminous 
coal  e t h o u t  a binder,  but no process has been commercially successful.  In 
this case research has devised a process which eliminates the need f o r  f i n e  
grinding and high pressure previously essent ia l .  
f o r  laboratory use and f o r  commercial use in the coal  industry of the United 
Kingdom. 

Machines have been developed 

The compaction technique wbich is described is applicable not only ta 
coal  but t o  semi-plastic mater ia ls  g e n e r a y ,  and i t  may be t h a t  the effect iveness  
of ,  the technique can be mor- completely rea l i sed  with high cost  materials such 
as c a t a l y s t s  and metal powders, than with coal ,  where only the  most crude 
appl icat ion of the process can be contemplated. 

The work which is described has been car r ied  out at the  Coal Research 
Ehtablishment, Stoke Orchard, Cheltenham, England, under a programme formulated 
by the  National Coal Board, London, and directed by Dr .  D.C. Rhys Jones. It is 
published by ldnd permission of the I)irector-General of Research. 

The work reported r e s u l t s  from t h e  e f f o r t  o f  a small  research team whitch has 
seen the project through from the laboratory t o  the p i l o t  plant .  



The author is indebted t o  Dr. B.A. L i l l e y  for in fomat ion  in support of 
Fig. 3c and t o  Dr. L. G r i f f i t h s  f o r  his petrographic studies.  

Theories of compaction are many and diverse; the opinions put forward, 
therefore,  i n  this paper do not  necessar i ly  r e f l e c t  the considered viev of 
the  Establishment but weigh heavily upon the  author 's  conscience. 

8. ~ C E S  

1, S u t c l i f f e ,  EJI. 
200 B.S.S. mesh subjected to  high compressive load. 

U.S. Pat.  1,267,711 (1918). 'F inely ground c o d  below 

2, Ten Bosch Octmoien N.V. B r i t .  Pat. 450,633 (19%). 
matrix for m a g  br ique t tes  or t a b l e t s  fxom fine-grained mater ia l s  
or materials i n  powder form. 
Ten Bosch Octrooien N.V. B r i t .  Pat. W , ~ U  (1936). Method f o r  the 
manufacture of b r ique t tes  from normally non-coherent substances, 
par t icu lar ly  c o d  dust ,  lignite dust and the like. 

A compression 

' 

3. Spooner, E.C.R. Chem, Engng. Min. Rev., 1949, 403,s. 
Briquett ing by Krupp-Herglotz Ring-Roll Press. 
coal  and pressures of 12 ton/sq.in. - 17 ton/sq.in. 

Fine grinding of 

4. Pierso l ,  R.J. Bull. Iu. geol. S u n . ,  1948, No. 72; Ill. Geol. S m ,  
Rep. of Invest., 1936, 41. Pt. I, Smokeless Briquettes;  Impacted 
without Binder f r o m  Paxtially Volat i l ized Illinois Coals. 

5- TimoshenkD, S. Theorg of E l a s t i c i t y  (New York, McGraw-U, 1934). 

r 
J I  
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B 

A Sample of Process Costs - United Kingdom - 1959 

These cos t s  r e f e r  t o  a commercial plant  forming 
binderless expansion br iquet tes  2% in. i n  diameter 
from high rank coal (vo la t i l e  matter content 12-2&). 

1. Throughput 125,000 tons/gear 

2. C a p i t a l  Costs 
Coal H a n d l i n g  e80,ooo 

(including spares) 200,000 
Briquette handling 20,000 

Coal drying, grinding, pressing, 

Ins t w e n t  s 15,000 
S i t e  preparation: roads, r a i l w a y ,  

foundations, buildings, o f f i ces ,  e tc .  140,000 
I d  Contingency 50,000 ,- 

€505,000 

I n t e r e s t  on c a p i t a l  during 

Working c a p i t a l ,  1096 0 loo/- per ton 
construction - 5% for 6 months E12,000 

60,000 

Total  investment s577,000 

Capital  investment 
p e r  ton/ year 

3. Operating Costs (per ton of input) 

Wages 
Power and Heat 
Repairs and Reoewds 
Overheads and General Expenses 
Depreciation (plant  wri t ten o f f  

h t e r e s t  5% 
over 10 gears) 

Total  cost  of carrying out 
the process 
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I 

I IO I5 
fissura ( tm/q i.) 

FIG.1. - The ralationship betmen b iquet t ing  pressure an6 
density of brlquette. 

c 
( i )Pure siear strain 

(11) Shear strain with displacu- 
men1 and rotation 

(i1i)Shear deformation due to 
compressive strain 

FIG..?. - The variation of briquette strength with applied 
shear atrain. 

i 

FIG.j(c). - Tha e l f ec t  o f  h a r i n g  a t  IO. pre-. 
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@FIRST PRESSING WITH FLAT PLUNGER 

w n c  REBOUND 
I r l m n r  .... . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . . .  ......... . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . ......... . . . . . . . . . .  . . . . . . . . . .  

ZERO LOAD 2 TONS-SOUARE INCH 4 TONS-SOUARE INCH 6 TONS-SQUARE INCH LOAD REMOVED 

a SECOND PRESSING WITH SHAPE PLUNGER 
SEE LARGER PHOTOGRAPH 

A 
/ 

. . . . . . . . . .  . . . . . . . . . .  ............. 

. . . . . . . . . .  . . . . . . .  ... 
. . . . . . . . . .  . . . . . . . . . .  
. . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  

r-pl 
- .  * .  

ZERO LOAD 2 TONS-SOIMRE INCH 4 lDNS-SWARE INCH 6 T O N S - S W R E  lNol LOAD REMOVED 

FIG.3(b). - Photograph by X-ray 
of lead-shot markers i n  two-plunger 
briquette . 
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PRESSURE 

NON ROTATING 
CHAMFERED PUNCHES 

MOULD ROTATING A N 0  
TURNING COMPACT 
WITH I n E L F  

Note: 

THE SURFACES OF CONTACT 
OF THE PUNCHES AND 
THE COMPACT ARE LUBRICAT.TC0 1 1 1 1 1 TO ALLOW THE COMPACT 10 
ROTATE WITH THE DIE WALL FIG.5. - The annular shear box. 

PRESSURE 

Fm.4. - The rotary 6bem box. 

FIG.6. - The double-plunger method. 

RELIEF 
VALVL 
c 

FIG.7(a). - A simple fora of compcaite pl-r >Gi I. 

, 
f 
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' 
FIG.7(b). - Improved composite or duplex plunger KK E. 

___c 

Plungu bad 

EXPANSION 
PRESS 

- 
Plunyer Lrml 

DUPLEX PLUNGER 
PRESS 

. .  
m.10. - Pressure-trevel curves of duplex plungcr and 

eIpanaion press.  

M A I N  UYDRAULIC 
PR€SSURE 

M A I N  RAM 

AIR RETURN PRESSURE 

SPUERIOIL SEAT OR 

WATER COOLED NOZZLE 

COAL EXPANDED 
SROM OIAMEIPR 
di To d t  CONTROL RAM 

FIXED NOZZLE 

I ICONSTANT PRESSURE 
EXPANDED COAL 
ROD SERVO PRESSURE 

FROM MAIN RAM 2 B R W E R  PLATE 

FIG.S(a). - Magranmatic i l lustration of expansion 
principle. 

- 
F1G.U. - A back-prassure contml wetem - pulsed contml. 
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 FIG.^ - Hydraulic plunger press. 

FIG.S(b). - Mechanical expansion press. 

I 

i 
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.FIG.l2(a). - Photomicrograph of Tirpentwys br iquet te  showing 
deformation of vi t re in  p a r t i c l e s  A ,  B and C and grain. 
Orientation (dry) magnification 33. 

\ 

) a FIG&?( b). - Photomicrograph of Binley briquette made at llO°C 
showing plast ic  deformation of vi t ra in  with evidence 
that the particles are within 0.2 microns (the l imit  
of resolution) ( o i l ,  thin section). Magnification 310, 
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FIG.l2(c). - Photomicrograph of coal  baguette:  
no additional shear strain.  

P 

FIG.l2(d). - Photomicrograph of coal  briquette: 
72Om of additional shear strain. 

)I 

/ 
i 
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FIG.l2(e). - Photomicrograph of briquette made at 420°C showing 
exinite bridging (oil). Magnification 130. 
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J. D. Brooks and J. W. Smith 

\ 

Division of Coal Research 
Commonwealth Sc ien t i f ic  and industrial Research Orgaaization 

P.O. Box 3, Chatswood, New South Wales, A u s t r a l i a  

The organic s t ructure  of a wide range of coals contains about 1.5 t o  2.0 
per cent of nitrogen, but l i t t l e  i s  known about the type of grouping in which this 
occups. 

Previous investigators found tha t  extraction of a l i g n i t e  with boi l ing di- 
l u t e  acid removed about twenty per cent of the  nitrogen, mostly as amino acids (1 ), 
but only 5 per cent of the nitrogen of higher-rank coals could be ident i f ied by this 
method. Solvent extracts  of a bituminous coal were found t o  be only s l igh t ly  sol- 
uble i n  aqueous acid (2). Pgridine carboxylic acids a re  formed a t  an intermediate 
stage i n  t h e  Kjeldahl nitrogen deternination (3 )  and heterocyclic nitrogen compounds 
ape present in d i s t i l l a t i o n  products of coals. Hence it has been assumed that  much 
of the  nitrogen is  present i n  cyclic structures.  However, heterocyclic nitrogen 
could not be detected by exhaustive methylation of a coal, even a f t e r  hydrogenation 
(4). 

The sorption of perchloric acid from an anhydrous perchloric-acetic acid 
mixture (5) has been used in  these laborator ies  f o r  the  estimation of basic groups 
in p i t c h  and tar fract ions (6). 
basic  groups i n  coals,  i f  the  coal i s  first dissolved or dispersed in an acidic or 
neutral  solvent. 
for t h i s  purpose. The perchloric acid reac ts  with p r i a x y ,  secondary, and t e r t i a r y  
amine groups, including cycl ic  bases of the pgridine t n e ,  but the  very weakly b3sic 
or acidic  nitrogen s t ructures  of the thiazole,  oxazole, pyrrole, indole, carbazole, 
or t r iazo le  types a re  not determined. 

The same reagent can be used for  the  detection of 

Phenol, &-naphthol, and phenanthrene mere found t o  be sui table  

ExPzTiILIEmtlL 

The u l t ina te  malyses  of the coals ar.d vi t rarns  exanined are  given i n  
Table I. 
grans) were gently boiled together under ref lux f o r  two hours under nitrogen, then 
cooled and mashed i n t o  the t i t r a t i o n  vessel with 40 m l .  of  g lac ia l  ace t ic  acid. 5 m l .  
of 0.2 B perchloric acid i n  glzcial  ace t ic  acid vas added and a f t e r  10 minutes the  
excess perchloric acid was t i t r a t e d  potentiometrically with pyridine (0.2 N )  in 
glac ia l  ace t ic  acid,  using a combined glass-calomel electrode. 
content of the coal w a s  calculated from the  amount of perchloric acid consumed. 

The f i n e l y  pound coal (0.4 gram, minus 200 B.S. mesh) and Ihenol (10 

The basic nitrogen 

It was established that none of the perchloric acid was consumed by oxidac 
t i o n  of the coal: 
perchloric acid bad been replaced by sulphuric acid in  ace t ic  acid. 

the same t i t r a t i o n  value was obtained with one coal a f t e r  the 

In the  determination of t o t a l  nitrogen the accuracy w a s  f 1 per cent of the  
A similar l eve l  mas reached i n  the  t i t r a t i o n s ,  and the  values of percentage t o t a l .  

basic  nitrogen recorded Fn Fig. 1 are  thus accurate t o  within about 2 two per cent 
fur the  bituminous coals. 
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DISCUSSIOE m comusIons 

Fig. 1 shows tha t  f o r  a wide range o f  coals about f i f t y  t o  seventy per cent 
of t h e  nitrogen i s  in a basic form. When the  vitrain samples with carbon content 
83.6 t o  88.4 per cent were dispersed in phenol, or d-naphthol, 57 t o  62 per cent of 
the nitrogen was found t o  be basic,  the  percentage rising regularly with increasing 
carbon content. 
nitrogen value appeared t o  be much lower. 
when the same se t  o f  v i t r a i n s  was t i t r a t e d  a f t e r  being dispersed in  boiling phenan- 
threne. 
nitrogen content was found t o  decrease regularly from 32 per cent to  21 per cent, hut 
it then rose to  a maximum of 54 per cent in a v i t ra in  containing 89.5 per cent carbon. 
The basic-nitrogen values f o r  t h i s  l a s t  sample and f o r  the v i t ra ins  of still  higher 
rank were gceater when phenanthrene was used instead of phenol a s  the dispersing 
agent. 
high-rank coals. 
nost the same values of  basic  nitrogen a s  i n  phenol. 

For v i t r a i n s  containing more than 89 per cent carbon the basic 
A n  in te res t ing  difference was noticed 

With increase in czrbon content from 83.6 per cent to  e8.4 per cent the  

T h i s  resul t  docbtless r e f l e c t s  the  greater solvent power of phenanthrene f o r  
Ih oC-naphthol, high- and lower-rank bituminms coals gave al- 

The coals containing l e s s  than 80 per cent carbon were not petrographically 
*en so, the homogeneous and showed a wider sca t te r  of resu l t s  than the vi t ra ins .  

proportion of the nitrogen in coals  tha t  i s  basic does not vary widely in a range 
f rom brown coal t o  high-rank coking coals. 

Sharp end-points were obtamed i n  the back t i t r a t i o n  of the  excess perchloric 
acid except with the brown coals, f o r  which or iginal ly  very high values o f  basic 
nitrogen had been obtained, some being apparently greater than 100 per cent of the 
t o t a l  nitrogen. 
inorganic ions ("humic" salts), since it is  lmown (7) that metall ic salts of carb- 
oxylic acids t i t r a t e  as  bases under the conditions of  the eqeriments. The brown 
coals examined contained about two milli-equivalents per gram of carboxyl groups, 
par t ly  neutralized as inorganic s a l t s  (8). After treatment of the brown and sub- 
bituminous coals with d i l u t e  aqueous acid, sharper end-points were obtained and the 
observed values of basic nitrogen were 50 t o  73 per cent of the to ta l .  

?Ibis ef fec t  w a s  thought t o  be due t o  the presence in the coal of 

The t i t r a t i o n  was not affected by the presence of carbonate minerals in some 
of the coals; such s a l t s  a re  not decomposed by the anhydrous acid used. 

On an atomic basis,  the  t o t a l  nitrogen groups vary f r o m  0.7 per 100 carbon 
atoms i n  a brown coal t o  1.7 per  100 carbon atoms i n  a high-rank coking vi t ra in .  
Over the  same range, the var ia t ion i n  t o t a l  oxygen groups i s  from 26 per 100 carbon 
atoms t o  2.9 per 100 carbon atoms. 
minor  proportion of the functional groups, but in the high-rank coking coals oxygen- 
and nitrogen-containing groups a r e  present in  similar amounts. 
groups may affect  the rro2.e of thermal decomposition of the l a t t e r  coals during car- 
bocization t o  a similar extent. 

In the low-rank coals nitrogen forms only a 

The t w o  types of 

The oxygen is more readi ly  driven off from heated coal than is the nitrogen. 
With a coal containing about 89 per cent carbon, the var ia t ion of oxggen and nitro- 
gen content (expressed on an atomic basis)  with increasing temperature i s  as given in 
Table 11. 

The greater re tent ion of nitrogen at higher temperatures is perhaps an indica- 
t ion  tha t ,  unlike oxygen, i t  is  present in cyclic s t ructures  in the  or iginal  coal. 

In  conclusion, the  present investigation has shown f o r  the first time that 

These may occur in cyclic 
a major proportion o f  the nitrogen in  a wide range of coals occurs in t h e  form of 
basic primary, secondary, and t e r t i a r y  amine @;~aups. 
structures.  
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Efforts are  now being made in these laboratories t o  determine the type of 
nitrogen-containing groups in  carbonized coals. 

A C K N O W L E D G ~ S  

The coals used and the analyses quoted were obtained in the  course of the  
assessment of the coal resources of Australia which is being c m i d  out under the  d e  
ection of b€r. H.R. Brown, C h i e f ,  Division of C o a l  Research, C.S.I.R.O., t o  whom the  
authors are  indebted for his support and f o r  his advice on the  preparation of this 
paper fo r  publication. 
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TABLE I 

ULTIMATE ANALYSIS AND BASIC NITROGEm CONTENTS OF COALS ( P a  Cm, D.A.2.) 

Coal 

Dawson Valley 

.Kernis Creek* 

Bulli* 

Bulli" 
T ongarra* 

Callide 
Collie 
Callide 
Ravenworth 
Muja 
Collie 
Momell 
Yallourn 

Vitrain * 

Coal 
5OO.C. coke 
700OC. coke 
900OC. coke 

Carbon 

91.4 

90.3 

89.5 

88.4 

87.7 
87.4 

84.4 

88.8 

85.3 

83.6 

79.9 
79.9 
78.7 
78.4 
75.2 
74.3 
70.3 
67.9 

iiydrogen 

4.4 

5-1 

5.3 

5.4 
5.4 

5.0 
5.4 

5.4 

5.7 
5.4 

4.4 
4.1 
4.2 
4.8 
4-2 
5.0 
4.9 
4.6 

Nitrogen 

1.9 

1.6 

1.8 

1 * 5  
1 *7 

1.6 
1.6 

1.9 

2.2 
2.1 

1.3 
1.5 
1.2 
1.9 
1.1 
1.3 
0.7 
0.6 

Basic N2 

0.09 
0.61 
0.13 
0.58 
0.47 
0.98 
0.88 
0.98 
1.06 
0.36 
0.76 
0.99 
0.32 
1.12 
0.55 
1.29 
1-19 
1.15 
0.68 
0.88 
0.74 
0.87 
1.13 

0.69 
0.75 

0.43 
0.43 

Basic ITJp 
Total N2 (%I 

5 
32 
8 

36 
26 
54 
58 
57 
62 
21 
48 
51 
20 
60 
30 
59 
57 
55 
32 
69 
50 
74 
59 
59 
52 
63 
70 

TABLE 11 

IT Atoms/l00 C Atoms 0 Xtoms/l00 C A t o m s  

1.5 3.3 
2.0 2.5 
1.8 1.7 
1.5 0.4 

Solvent 

Phenol 
Phenanthrene 
Phenol 
Phenanthrene 
Phenol 
Phenanthrene 
Phenol 
Phenol 
d -Xaphthol 
Phenanthrene 
Phenol 
Phenol 
Phenanthrene 
Phenol 
?henanthrene 
Phenol 
Phenol 
CL -2Taphthol 
Phenanthrene 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
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FIG.l.- PROPORTION OF NITROGEN IN BASIC FORM IN COALS 
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a m  Q;iycr3N IF1 Wi& 

J. It. Snaunik, A. K. ;iu!!erjee, P.X. i-fulherjee 

Central Fuel Resea& Ins t i t u t e ,  ?.O.Je&ora, 

and A.Lahiri 

Chanbaci, India 

1 Recent w r k  on t h e  s t a t e  of axygen in coal.  structure has estaolished 
t h a t  the major p r t  of oxygen occurs i n  the < o m  of iunctional groups, such 
as S W h ,  &E and .GO. 
'telieved t o  be present prooabiy as ether o r  in heterocyclic arcbination 
p r t i c u l a r l y  in hi& rank coals,  althougn direct  experimental confixmation 
i s  lacking. 
t h a t  have been ca-ried out to eluciaete t ie  s ta te  of oxygen in such conbi- 
nations. 

Treatment of coal x i t h  h p r i o d i c  ecid a t  an elevated temprature 

aut i f  

km-ever, a substantial  percentage of oxygen, i s  

In the present paper an account i s  given o f  the imrestig&m.s 

should resul t  i n  tho, break-doxn of ether structure and the ether oxygen 
v.i . l l  appear as -OH groups. 
on HI treatment will -be a d i r ec t  Xasu re  of  the ether oxygen. 
mixed ethers are present, the al!al i  hydrolysis o f  t i e  21 t reated product 
will resul t  i n  the formation of further quantity o f  -OH groups. 
t he  estimation of -OH groups in tam stages, as statea  above, w i l l  give a 
quantitative measure o f  the different  types o f  echer oxygn in coal. The 
course of  reaction may be presented as f o l l o w s  : 

In  case of aryl etliers ths  -OH goups  formed 

'therefore 

Em' '+ HI =ZUH + R ' I  ..... (1) 
R'I + X o i i  =a'OH + M ..... (2) 

The a'mve method has teen applied to = s t h a t e  ti?e ather oxygen 
present in coal. 
the treatment with til: v r i y  lead to t h e  addition of hwrogen and iodine 
to  the unsaturated carmn atoms. The iodine thus combined will under@ 
a l k a l i  hydrolysis w i t h  t h e  formation of hyoroq-1 groups. Thus it appears 
t ha t  on the basis o f  iiC treatment ard subsequsnt hydrolysis alone it is  
not possible to obtain unequivocal. evidence regarding t h e  presence of 
mixed ether in complicated structures like coal, which i s  LiBely t o  
contain uns&uration in i ts  structure. 
unszturation i n  coal wag estimated by the metnoa devebpea by t h e  authors 
earlie&. 

However, it is ih.ell-knohn tha t  in case o f  unsaturation, 

To eliminate t h i s  uncerGarintjr, 

Zxoerizm9xiL 

I n  the present experiments, v i t r a ins  fron uiffe-ent  ranks of coal  were 
selected. 
per gn. o f  c o d ,  sp. g. of ri1 = 1.73 for a perioii o f  8 h o u r s  a% 130% 
ard then washe a f ree  or' n ~ r i o d i c  acid. The proauct was subsequently 
analysed for  hgdroxyl groups. 

'The saiples were reflaxed w i t h  nyciriodic acid ( 8 C.C. cf 51 

L&imttion o f  "-Gi?' groups :- LmGt 1 p. of the s-le was accilrzteD 
wkiched and acetylated Wi'& acetic anliy6ride 
acetate (15 g.) 'fby refluxing for 3.5 hours at 140°C. 'rhe acetylated . .. 

pmduct was wasbed free fron acics ad h j j Q r s e d  by 20 D.c. XG solution. 
The -goduct vias nsxt acidified with concentrated. sulpinxic acid x d  the 
acetic acid l ibzrated was a i s t ~ e i  oPf ana t i t r a t e d  against stan- 

c.c.) ana r'usei sodim 

(see over) 



- 114 - , 
. alkali. The p.c. of oxygen as -OH in the HI t reated samples was calculzteu 

on the  i n i t i a l  coal basis. 

A second part of the H I  t reated sample vias hydrolysed. 'by aqueous KOH 
(2.5 1:) solution under reflux. 
hydrochloric acid, washed f r e e  o f  chloridegandthe "-0tim content was s u b  
sequently estimated by G e  above metnod. 

The product &us obtained was acidified oy 

'the iUct'ondL oxygen gmups in v i t r a i n s  were estimated .by t h e  maven- 
t i o n a l  mthods? Tha c a r b x y l  and t he  carbonyl goups in the Pitrains were 
found to r h a i n  unaffected by tiI-treatXent. 

For t he  ,estimation o f  unsaturation in c d, oxidation by potash ' e q g a -  8 G t e  in d i lu t e  aqueous solution was eiqlofred . 
d i lu t e  Eiqueous solution brings dmut hydroxylation of etnylenic double bonds, 
provided t i l &  the reaction is mt carried t o o  far ani t h e  temperature does 
not exceed OOC. Tne reaction is bst carried out in neutral  medium, Two 
hydroxyi goups are fo rma  per one unsazuration linkage. 

It is W b - i n  khat GM4 in 

H 79.4 5.6 1.9 u. 6 12.5 
3 83.0 5.8 2.3 0.5 6.4 
c 88.0 5.2 2.3 0.5 4- 0 

-_I_--------------- 

TABIS - I1 

(see over) 
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IncEase in ovygen p.c. a s  4% on permngtinate _ _  (d.a.f .  
c o d  oasis) oxicktion 

The elsmental w q o s i t i o n  as ':leu 6s the. dis t r ibut ion of  oxygen i n  different  
W x t i o n a l  groups of tns  vitra5.n sarlrples i s  presentxi i n  'rablcs I a h  11. 
increase in h;rdro*;l contents after fl treatment a s  wen as after subsed_uent 

increase in OS groups z f t e r  HI -. t r s a t x n t  i s  t o  be atZributed 
LidagOs, and suck?, the increase in oxygm p.c. as "-cji.i" gi-V-ss a d i r ec t  
x a s u r a  o f  ether oxygsn present 

, . d i t a l i  hydrolvsis of the tiI treated product w i l l  iead to tile r b m b n  ai' 

'The 

- hydroLySis i s  S~DVM in 'Table 1x1. It was staked Eazl ie r  that the . 
the  sther 

, 

cod.  .In case o f  nixsd.et ier ,  hov.-sver, thc 

additional a p u n t  of "-OH" p u p s .  . 

From an,i&?ection o f  the Table ii1 ii; i s  eviuknt t ha t  coais o f  hi& rank . , 

(5  & 2) contain only aryi ethers  and the  increase in oxygen p.c. as "-Cd" 
uireci.17 DELsures the ?ercerttag> o f  e ther  oxygen. 
(A) , hoy.:ever, t h e  forrd.ion of a signil'iczink =punt o f  hproxyl  groiqs- on 
a l l d i n e  h$.rolysis ?rooaiiiy indicates t h ~  preseme o f  mixed ethers. 
t h a t  the h;;drolgrsis st.=p of t h e  ioao-derivative g e s  t o  wm@etion, the 
increass in -Wi contents on a3icdine hydrolysis should t~ equal to t n a t  o'btaineb 
on ril-creatmnt. 'The qGarent discrepsAcg between t h e  b io  values, as  evident 
fron'i'able 111, ';;lay therefore be ascribed .either to c q e r i n e n t a l  errors  or t o  
sone :o@icacving factor. FromPable iY it w i i l  'E sem t h a t  unsaturation occurs 
in  c o a l  of this particular rank. The a d ~ i t i o n  of-hi to t he  dmble bnds leais 
to t he  formtion or' -UI gmups on subsequent hp ro iys i s .  It q,pe,lrs,therefore, 
;hat for c a d s  of low r d ,  t h e  foraation o f  -tiii goups on hydrolysis of  the H I  
t reated product i s  pa r t iy  due to t he  presence of unsaturattion., Thuz , f o r  b1.r 

raA coals, + a s  a ? p r e n t  lack o f  agsenent  betwen the values o f  hyiroxyl gmur~s,  
::I be .iarg?jy in t e r m  of unsgturation. . It may therefore be concluded 
t h a t  a s i g i i i c a n t  pzrcenkgz of ether a.xyg;e? i s  present i n  coa ls  of dif iereqt  
r&ik and t n a t  th? lox rank coals w e  cha rac t a i sed  by t h e  presence o f  -nixed 'ethers. 
i: piould a2pear t na t  a-mut 60 p.c. of 'he to t& unreactive o x y s n  in cads of 
different  rankt ar? present i n  etner cornination. 

i n  case o f  l o w  rad: coa l  

A s s W g  
. ,  
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METALLURGICAL COKE MAIUUFACTORING MTEOD 

BY BENDING RAW BRIQUET!FE 

HFroshi Joh and Shim Ida 

Technical Research Institute of Y a w a t a  Iron and Steel Works, 
Y a w a t a  Iron and Steel Co., Ltd., Yawata Japan 

1. Introduct ion 
For making metal lurgical  coke high caking coa l  i s  genera l ly  

blended w i t h  coa l  charge a t  high r a t i o .  
Many an investigation.; 1) have h i t h e r t o  been made w i t h  an inten- 

t i o n  of saving high caklng coa l  without degrading the qua l i ty  of coke 
produced. 

The methods attempted i n  Japan are as follows:- 
(1) Coke breeze blending method. 2) 

A small quant i ty  of coke breeze, pulverized under about 0.012" i s  
blended with the coa l  char e. 

(2) Coali te  blending method. 33 
Coal i te  pulverized under some 0.012'' i s  blended with the coa l  
charge. 

(3) Bo-iun Tan method. 4) 
Low grade coa l  with high v o l a t i l e  matter i s  swelled w i t h  o i l  i n  
low temperature. 
(1) and (2) were applied t o  p r a c t i c a l  operation for some period, 

b u t  a t  present they have been stopped using for economical reasons. 
There i s  no prospect of (3) being used Fn p r a c t i c a l  operation, 

notwithstanding i t  was an exce l len t  invest igat ion.  
tended t o  manufacture for many years metal lurgical  coke d i r e c t l y  from 
low or non-caking coa l  w i t h  high v o l a t i l e  matter,  using these coa ls  as 
main raw material. 

A t  the f i r s t  s tage i t  was c l a r i f i e d  t h a t  coking property of these 
low grade coa ls  was much improved by br iquet t ing under comparatively 
low pressure (2845-35551biin2). Based on t h i s  f a c t  we could produce 
good metal lurgical  b r ique t te  coke (s ize:  1.6511 x l.b5I1 x 1 . 1 8 I t ,  
s t rength: s t a b i l i t y  f ac to r  = 40-45 $, hardness f a c t o r  = 72-74 $1 by 
carbonizing r a w  br ique t te  a t  high temperature, when t i in ,  raw br ique t t e  
w a s  made from the mixture of low caking coa l  and non-caking c o a l  
reasonably blended as main raw material .  The r e s u l t  was already 
published. 5 ) .  
quant i ty  of caking const i tuents  of raw br ique t te  w i t h i n  constant  
limits. It i s  impossible however t o  use the ordinary hor izonta l  
chamber oven, due t o  br ique t te  coke (pillowshaped) of the product. 

the mixture of raw br ique t te  and the coa l  charge in hor izonta l  chaaber 
oven, by blending raw br ique t te  with the coa l  charge i n  coke p lan t .  
It  i s  desirable  i n  this case t h a t  the coal  charge and raw br ique t te  
should m e l t  each other during carbonization and good lump coke be 
produced a s  the r e s u l t .  

we should l i k e  t o  c a l l  this method l'lYetallurgical coke manufac- 
tur ing method by blending raw briquette." 

The present  inves t iga t ion  i s  i n  the process of study, and not  y e t  
in the stage of discussing its economical value. 

Next, mention i s  going t o  be made of the main pa in t s  of this 
method, as it seems t o  contain some technical ly  in t e re s t ing  probless.  

2. Charac ter i s t ics  of r a w  coal: 

Formerly, we in- 

In this method the most important po in t  i s  t o  keep the 

M i t h  the  objec t  of solving this  probles  we planned t o  carbonize 



ProxLnrate 
Analysis 

A. B.M. FoCo 
~merican Coal vith 
medium V.H. .5.02 23.n 71.87 
Bmarican C o a l  vim 
lou Q.M. 6.70 16.56 76-74 

( l o w  caking coal.) 40.56 52.55 
( l o w  caking coa l )  b2.N 51.92 

icpashu Coal A 

wshu Coal  B 

P i t c h  65.60 33.90 

The mixture of high caldng c o a l  and l a w  caking coal, prepared so 
as to contain 40-60 $ high caking coal in It i s  adopted as base coal, 
with which is blended raw briquette and the flnal mixture is  the coal 
charge. Table 2 shows blending rados and characteristics of two 
kinds of base coal and raw briquette. And the size of raw briquette 
1si4/5" (length) x 6/5" (breadth) x 13/25" (height) t h i s  has bean made 
specially smaller so that raw briquette may mix weI!l with base coal. 

* After 9g of dried coke breeze (48-65 mesh) is.mixed wit$. Ig. af 
dried coal ((65 mesh), the mixture I s  carbonized a t  17k2W7.Op.. foT 

& ne&. Supposing Ag is the quantity of coke over 3 m e s h  and Bg 
the quantity of coke 
the 

minutes. Coke produced I s  sorted oat by screens of 35 mesh and 

index (C.i .7 can be obtained by the folloving f o r d s  
assed 35 mesh but not  through z.8 mesh screent 

A+B z 100 ($1 10 C.I. = 

* 
Index of 
.pnan=tY of 

Fuel S ButtonCakhg Con- 
Ratio ($1 lo. st l tnants*6)  

(C.1.) ($1 
3 . u  0.68 8.0 90.5 
L.64 0.70 6.0 83.6 
130 0.61 3-5 80.1 

1.22 0.69 5.0 88 e 9  

0.521 0.b2 - 88 .a 
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,The br ique t te  was manufactured in a p i l o t  p l an t  w i t h  capacity of 
5 t iday.  

Coal and R a w  1 Strength of Coke ($) 

-. 

Blending Iiatio of Base 

Base Coal Raw Briquette 
que t te 3tr eng th**'Stabil i  t y  ; Xar dness 

/Factor Factor 

c 1/41! 91.8 53 *o 67.8 

< 1/161! 92.7 53.1 70.4 

Crushing Strength 

< 118 I! 92.6 52.6 70.3 
70 30 
70 30 
70 30 

L 

4. Bulk densi ty  of the mixture of base coa l  and briquet te :  
Invest igat ing the bulk densi ty  on the mixture of base coal  and 

br ique t te ,  i t  was c l a r i f i e d  as shown i n  Chart 1 t h a t  the bulk densi ty  
was developed w i t h  the increase of blending r a t i o  of br ique t te  w i t h  
the base coal,  and reached max. value, and then got  down. 

( Chart 1 1 

It i s  expected froin the above-mentioned r e s u l t  t h a t  the quant i ty  
of coa l  charge per chamber increases  by blending br ique t te  w i t h  c o a l  
charge in  practical .  coke oven. 

5 .  Coke manufacture by a 500 l b .  t es t ing  coke oven: 

blending br ique t te  w i t h  No.1 and No.2 base c o a l  in  various r a t i o s  
under conditions t h a t  one charge i s  660 l b . ,  f l u e  temp. of coke oven 
2102-21560~, and carbonization time 17 hr s . 

me crushing s t rength of coke produced i s  promoted a l i t t l e ,  
compared w i t h  the use of base coa l  only a s  shown in Table 4 in case of 
blending br ique t te .  

Besides, hardness f ac to r  increases  and r e a c t i v i t y  7) becomes 
saaller . 

From these f a c t s ,  i t  i s  c lear  t h a t  the qua l i t y  of coke i s  improv- 
ed by blending br ique t te .  lureover,  it is  favourable that the s i ze  of 
coke has become smaller by th i s  blending. 

Coke manufacture was ca r r i ed  out  in a 500 l b .  t e s t ing  coke oven, 

+* J I S  K. 2151-1957 
3n.m (959" x length 59") rotates i n  15 r.p.m. f o r  2 min. put t ing 

22 lb. of lump coke (>2!!) in i t .  
screens. Especial ly  19/32" index i s  important and the crushing 
s t rength i s  general ly  indicated by this index. 

g i c a l  coke i s  91-93 $. 

Coke i s  sieved using various 

Generally speaking, the range of crushing s t rength for metallur- 
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As a na tu ra l  r e s u l t  the blending r a t i o  of high caking coal  in the  
t o t a l  coa l  charge has decreased, i n  proportion t o  the augmentation of 
b r ique t t e  blended. For example, the using r a t e  of high caking c o a l  
has  been 30 $ as shown in the No.(4> i n  which b r ique t t e  was blended a t  
a ra te  of 30 $. 

It i s  recognized from the r e s u l t s  t h a t  high caking coa l  is able  
t o  be saved t o  some extent .  Moreover, the prototype of br ique t te  was 
n o t  observed i n  lump coke on the occasion of blending br ique t te  under 
30 f ,  due t o  the per fec t  melting of br ique t te -and  base coa l  during 
carbonization. 

6 .  Swelling pressure test: 
Swelling pressure t e s t  was examined f o r  the purpose of comparing 

the r e s u l t  on the two kinds of samples i .e.  mixture, blended br ique t te  
w i t h  base coa l  a t  the r a t e  of 30 $ and coa l  charge (blending r a t io :  
high caking coa l  50 $, Kyushu coa l  50 $, Yawata Iron & Stee l  Works i n  
August, 1958). 

under conditions t h a t  f l ue  teznp. i s  21920F, carbonization time 16 hrs., 
and one charge 660 lb. 
que t te  was a l i t t l e  smller than  i n  the case of ordinary coal  charge, 
as seen in Chart 2. 

Swelling pressure was measured i n  Kopper's movable coke oven 81 

Swelling pressure of mixture, blended b r i -  

7. Other tests: 
F i r s t l y ,  qua l i t y  segregation of coke in a chamber of coke oven 

was studied on the mixture (blending r a t i o :  base coa l  '70 3,  briquet te  
30 51, in the case of coke making by bleniing br ique t te  with base coal.  
It was explained a s  the r e s u l t  that there  was no pa r t i cu la r  f ea r  of 
qua l i t y  segrigat ion of coke, by mi;xing base coa l  and br ique t te .  

Secondly, w e  t es ted  the by-product on the nixture, i n  comparison 
With the  case of the base coa l  only and i t  was ascer ta ined t h a t  y ie ld  
of t a r ,  l i g h t  o i l  in gas and gas  has been improved s l i g h t l y  in the 
case of blending br ique t te ,  exceptipg that the y i e ld  of ammonium sulf- 
ate decreases. 

8. a'iummary: 
Several experimsnts were ca r r i ed  out  t o  e s t ab l i sh  the mnufactur- 

ing process of metal lurgical  coke 
of the high caking coa l  with the t o t a l  charge i s  smaller than in  ordi- 
nary case,  the qua l i t y  of coke obtained should be no t  i n fe r io r  t o  the 
ordinary b l a s t  furnace coke. ?or t h i s  purpose, the raw br ique t tes  
aade / f ron  low caking coa l  as min raw coa l  were b l a d e d  w i t h  the  base 
coa l  which was a lnos t  the same in blending rati:,  of h igh  caking coa l  
a s  the coal  charge in ordinary coke plant .  

i n  which while the b lendbg r a t i o  

The fo l lowhg  r e s u l t s  were obtained. 
(1) It was ascer ta ine3  t h a t  the proper s i ze  of raw coals  fo r  br iquet-  

t e  t o  be blended witin the base coa l  was under 1/81'. Die blanling 
r a t i o s  of the base coa l  an3 the br ique t te  a r e  as follows: 

Base coa l  (high caking.40 $1 
i4edium v o l a t i l e  American coa l  40 /; 

Kyushu coa l  A 50 d 
II B 10 /; 

Kyushu coa l  A 72 2 
I t  I3 10 ;o 

Low v o l a t i l e  American coa l  10 $ 

Briquette (high caking coa l  10 $1 

Pi tch  (as  binder) a ;i 
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(2) The bulk densi ty  of coa l  charge (base coa l  f br ique t te )  increased, 
by blending the br ique t te  w i t h  the base coal .  

(31 The q u a l i t i e s  of coke produced i n  500 lb.  t e s t  coke oven by car- 
bonizing the mixture, blsnded br iquet tes  a t  the r a t e  of 5-50 ;; 
w i t h  the base coal ,  wera generally ilnproved by blending br ique t te  
i n  other words the crushing strength an3 hardness fac tor  were 
increased and, moreover, the mean s i z e  and r e a c t i v i t y  decreased. 
Thus, i t  i s  possible  for u s  t o  foresee t h a t  the saving of high 
caking coal can be ca r r i ed  out by blending br ique t te  with the 
base coal .  

(4) In the case of blending br iquet te  w i t h  the base c o a l  
s i3ered t h a t  the upper l i m i t  of the blending r a t i o  of the b r i -  
quet te  was about 30 $, froln the observation of lump coke qua l i ty  
and the secur i ty  of pushing of coke f r o m  a chaaiber in coke oven 

(5) It was a t t e s t e d  by the experinent by 500 l b .  Kopper's movable 
wa l l  oven tha t ,  when the br ique t te  was blended with the base coal  
a t  the r a t e  of 30 2, the  expansion pressure & r i n g  carbonization 
were in the limits of sa fe ty .  

( 6 )  f i e  segregation of coke qua l i t y  has no trouble i n  the  blending of 
br ique t te  under above mentioned l i m i t s  and the yield of by-pro- 
duct i s  rather  favourable by blending br ique t te  w i t h  the base 
coal .  

i t  wqs con- 
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’ PILm PLAIT” INYESTIGATION OW TEE BRIQUETTTmG AND CAFiBONISATIOB OF SOUTH ARCm LIGNrpE 

C. V. S. Ratnam, D. B. Sibal  and C. L. Seshadri 

Chemical Engineering. Branch , 

Neyvell Lignite Corporation Ltd. 
Neyveli, kdras State,  India 

1. I ~ O D U C T I O N  

The Lignite Corporation Ltd. are now implaaenting au Integrated 
Project  for the development of l i g n i t e  resources a t  NeyveU, h d r a s  State ,  India. 
The lignite bearing area here is  100 square miles and t he  reserves a r e  es t inated 
at 2,000 million tons (1). 
indicated t h a t  t he  l i g n i t e  i s  of very good qual i ty  and t h a t  it could be briquetted 
d t h o u t  a binder. Table 1 gives the analysis of South Arcot Ugnlte. 

of t h e  following schemst 

Tests done at iJeyveU and o the r  laborator ies  have 

I n  the first stage of development, t h e  Integrated Lignite Pmjec t  consis ts  

1) In Open C a s t  Hne ,  f o r  pmducing 3.5 m U o n  tons of lignite per annum. 

2) A Thermal Stat ion with an iastalled capacity of 250 M.W. The Thermal 

3) A Fertilizer P l a n t  for producing 152,000 tons of urea per annum by t h e  

Stat ion will burn pulverised raw l ign i te  as fuel .  

t o t a l  recycle process. This p l an t  is expected t o  be the biggest  of i ts 
kind i n  t h e  world. 

4) A Briquetting and Carbomsation Plant for producing 380,000 tons of 
carbonised br iquet tes  per anma. This H i l l  be one of t h e  biggest 
lignite brlquett ing and carbonisation plants  i n  t h e  world. 
carbonised l i g n i t e  br iquet tes  dll be used mainly as domestic fuel 
i n  South India. 

The 

When the  Corporation started t h e  development of lignite resources, it did 

It was considered r i s k y t o  base 
not have adequate data t o  decide upon t h e  type of equipment t h a t  should be used f o r  
drying, briquett ing and carbonisation of l i g n i t e .  
t h e  design of a large ccmmercial unit  on laboratory data alone. Too, experiments 
conducted i n  Germany showed that it was not possible t o  conduct p i l o t  plant tests on 
drjnng, briquett ing and carbonisation a t  any one place, because all the  equipment 
were not available i n  any one laboratory. 
had a s igpif icant  role t o  p lay  in these processes and the best thing would be t o  
conduct p i l o t  plant  t e s t s  a t  Nsyveli itself. 
carbonisation plant was i n s t a l l ed  at MeyveU. “his was erected i n  a record tirre of 
e ight  weeks and waa put i n t o  commission on the  14th kay, 1958. 

The technical opinion was t h a t  the weather 

Accordingly, a p i l o t  br iquet t ing and 

2. DESCRXPTIC?J OF THZ PILOT PLAWP: 

The pilot plant consis ts  of a raw c o a l  preparation section, a Parry dryer 

It also has t a r  and gas col lect ing systems. 

i n  a c h  t h e  l i g n i t e  i s  dried i n  an entrained state by hot i n e r t  gases, an extrusion 
type briquett ing press made by Keessrs. Pawed AG. of S d t z e r l a n d  and a carboniser 
designed by the U.S. Bureau of kiines. 
The arrangement of t he  major equiprcent i n  t h e  P i l o t  Plant  is s h m  i n  f igure 1. 
The plant was sapplied try t h e  Technical Co-operation Mss ion  (U.S.A.). 
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The raw c o a l  preparation sect ion has a hammer mill vdth a throughput o f  3 

The briquett ing-press 
t o  5 tons of raw lignite per  hour. The dryer can handle upto 2.5 tons of raw U g -  
nite per  hour, when dmng l l g r d t e  from 56% t o  l@ moist-. 
can make briquettes of t w  n o m i n a l  s izes,  65 m. (24") dimter and 38 mm. (lot1) die  
meter. 
about t ton of br iquet tes  p e r  hour. 
press capacity i s  of t h e  order of 1OCO lbs. per  hour. 

The capacity of the press,. when it makes 65 mrn. diameter briquettes, is 
-&en it makes 38 ma. diameter briquettes,  the 

The carboniser was designed t o  carbonise continuously about 300 to 500 lbs. 
HoWver, it w a s  found during a c h d l  practica t h a t  it was 

Batch t e s t s  

af raw brique%tes p e r  ho.w. 
d i f f i c u l t  to  obtain sa t i s f ac to ry  perfomance, when the  carboniser is operated on a 
continuous basis. 
have been done, using charges of t h e  order of loo0 to X O O  lbs. of raw briquettes a t  
a time. 

Such an operation gave b o  many f ines  i3 t he  product. 

S i m e  the p i l o t  plant came in to  operation, 26 runs on the  dryer, 77 runs 
on the br iquet te  press and 4+ rnns on the carboniser have been made. 
investigations was to f ind out  t h e  optimum dry ing ,  briquett ing and carbonisation 
conditions for prcducing good carbonised br iqust tes  lor use as dorrestic f u e l  i n  
South India.  
which is a comonly used dolcestic f u e l  i n  South India at present. 
of charcoal, the need f o r  a subs t i t u t e  f u e l  i s  keenly f e l t .  
conditions, the f u e l  t h a t  i s  t o  replace charcoal has t o  be, a s  much as possible, 
s imilar  t o  charcoal i n  handling and canbustion properties.  
l ikeUhoo3 of cons 'mr resistance.  "he v o l a t i l e s  i n  the carbonised briquettes have 
t o  be low emu& t o  cause no smoke i n  actual use, but hi& enough to f a c i l i t a t e  eaoy 
ign i t ion  of t h e  fuel. The carbonised briquettes also must have f a i r l y  strong struc- 
ture, such t h a t  they can be transported over a distance of 200 t o  300 d ies ,  without 
appreciable amount of depada t ion  in size. 

The aim of the 

The carbomsed br iquet tes  are expected t o  take the  place of charcoal, 
h e  to scarci ty  

Under the  prevailhg 

Otherwise, t h e r e  i s  a 

The variables $ha t  were investigated,  were t he  following:- 

1 )  Size of t h e  d r i ed  lignite f o r  briquett ing.  
2) Koisture in t h e  r a w  briquettes.  
3) Size of t he  raw briquettee.  
4) Temperature of carbonisation. 
5) Heathg r a t e  daring carbordsation. 
6 )  Kethod of quenching of carbomsed briquettes.  
7) Influerice'of ash on the  strength of carbonised briquettes.  

Laboratory scale e x p e r b e n t s  (2,3) indicated that best  briquettes for 
carbonisation could be produced by taking f i n e  dr ied lignite with a s  low a rcoisture 
content as possible and pressing it w i t h  as high a pressure as possible. No binder 
i s  required f o r  briLpetting. 
were obtained wheo t h e  dried l i g n i t e  had a s i ze  of 0-2 m.n. ra ther  than 0-1 m.m. ( 4 ) .  
The arrangements i n  t h e  c o a l  preparation section of t he  pi lot  plant was such t h a t  
much corrtml could not be exercised on the s i z ing  of r a w  crushed lignite. 
c o n t m l  t h a t  could be had was on t h e  shape, s i z e  and &er of hamers  in the  hvnmer 
mill. 
a g a t e r i a l  f o r  drying and briquett ing.  
produced could not be briquetted i n  t h e  extrusion press. 
was then changed t o  1450 RPH., which gave b e t t e r  results. 
sizes of t h e  product fmrn t h s  hemmer mill before and a f t e r  the chang*s were 
incorporated i n  the mill. 
-200 mesh material of crushed raw lignite was of the order of 3 t o  4$. 
-200 mesh mater ia l  was of the order of 9 t o  1G i n  the crushed raw lignite, the 
-200 mesh ma te r i a l  i n  the product was of the order of 33 t o  3@. 
was too f i n e  t o  be brfquetted i n  t h e  extrusion p res s  of the P i l o t  Plant. 

Xowever, some evid3nce showed tha t  be t t e r  briquettes 

The o n l y  

I d t i a l l y  the mill was designed t o  operate a t  3coO mz., wfiich gave too f ine  
The very f i n e  dr ied U&te potder t h a t  was 

The speed of tb harmers 
Table 2 gives t yp ica l  

The best bdque t t ing  r e s u l t s  were obtained &en the 
When the  

This dried U@te 
&en the  
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-200 mesh mater ia l  i n  the M e d  l ignite was of t h e  order of l&, as was the case 
a f t e r  the m d l f k s t i o n s  w e r e  carr ied out i n  the  hammer mills, t he  dried mater ia l  
could be briquetted e a s i l y  i n  the  press.  

Moisture i n  t h e  raw briquet tes  plays a s ign i f i can t  r o l e  i n  the  production 
of good carbonised briquettes.  Laboratory t e s t s  indicated t h a t  the low3r t h e  
moisture content i n  the  r a w  briquettes, the stronger and b e t t e r  were t h e  carbonised 
briquettes.  However, i n  ac tua l  p rac t i ce  there i s  a u rn i t a t ion  to the minkoum 
noisture  content i n  the  dr ied Ugnite, which i s  used f o r  hricjuatting. 
moisture i n  the lignite w i l l  make it d i f f i c u l t  t o  handle i n  the  convepr s  and 
briquette presses. It a l s o  produces a great f i r e  hazard. 
the raw briquet tes  w i l l  result i n  weak carbonised briquettes.  
br iquet tes  themselves w i l l  be weak. dxperiments i n  t h e  extrusion press i n s t a l l e d  
a t  F!eyveU indicated t h a t  when the moisture content i n  the  dried U g n i t e  i s  of t he  
order of 10 to 14 psrcent,  good raw briquet tes  could be made. h t u a l  experimants 
i n  the carboniser have indicated t h a t  br iquet tes  with 12% moisture and below give 
good carbonised briquettes.  
when the moisture content v x i e d  f r o m  IC t o  17%. 
moisture content i n  the r a w  br iquet tes  i s  between 11.7 and 12.6, the  nunber of 
whole carbonised br iquet tes  is large. 

Very l ow 

High moist- content i n  
Sometimes the r a w  

Table 3 gives t h e  f i e ld  of whole carbonised briquettes,  
The da ta  are c l e a r  that when the 

The s i ze  of raw briquet tes  plays a ro l e  i n  the  production of lumpy 
carbonised briquettes. 
need not be of very l a rge  s ize  a t  a l l .  
briquette which would be of 25 t o  38 mu. i n  diameter and 25 t o  38 mm. in thickness. 
Two sizes  of b r i c w t t e s  were invest igated i n  t h e  P i l o t  Plant,  v iz .  65 m. and 
38 mm. (diameter). The thickness of the  br iquet tes  i n  both cases  varied from 25 to 
40 mm. 
!-dqher with the 38 urn. raw briquettes.  
almost hundred percent unbroken carbonised br iquet tes  w i t h  a charge of raw briquet- 
tes of 38 mm. diameter. 

For actual  household use i n  South India, t h e  br iquet tes  
The preferable thing would be t o  have a 

It was found t h a t  invariably t h e  yield of whole carbonised br iquet tes  was 
It was possible,  i n  batch tests, t o  obtain 

Tables 3 and 4 give these r e su l t s .  

The design of t he  caxboniser was such tha t  it was difficult  t o  measure tae 

T h i s  temperature varied from 60° J t o  1210' F during the 
exact carbonisation tanperature. 
cross-over temperature". 
tests under discussion. The carbonisation temperature was a p p r o h a t e d  from t h e  
volatile matter content i n  the  carbonised briquettes.  When t h e  carbonisation tempe- 
r a tu re  was about 6500 C, t h e  v o l a t i l e  matter i n  the carbonised brique%tes w a s  of the  
order of 15 t o  18% (moisture and ash free) .  These br iquet tes  gam a smokeless flame 
and had good combustion properties.  
which had higher percent- of m l a t i l e s ,  which resul ted i n  these  br iquet tes  g i v i n g  
smcky f1m.e. It was not possible t o  raise the  gas cross-over teanperature of t h e  
c ~ r b o n i s e r  bepnd 12100 F. 
750° C. 
these t e s t s  was 8.5s 1.m.a.f.). 
heating had t o  be a s  slow a s  p s i b l e  upto about 250° C. 
could be heated a t  a f a s t e r  ra te ,  
these cabon i se r  runs. 

The masurement was  made of what i s  called "gas 

Larer temperatures fielded carbonised br iquet tes  

This corresponds t o  a carbonisation temperature of about 
The mirdnium y o l a t i l e  matter i n  the carbomsed briquettes obtained dvring 

The rate of heating was c r i t i c a l  i n  all cases. The 
Beyond that , the charge 

Figure 2 gives t y p i c a l  heating curves during 
The heating time i n  these rur5 varied from 6 t o  21 hours. 

I n  comnercial operations, t w  ty-pes of quenching are used f o r  cooling the  
c2rbonised briquettes,  dry quencbdng wLth i n e r t  gases a& iret quenching with water 
sprays. ilry quenching aethods a re  generally more expensive. 
r e su l t s  obtained during dry quenching and wet quenching of carbonised SriquettPs 
made under iden t i ca l  conditions. The invest igat ions showed t h a t  as far as  t h e  size 
of t he  carbonised br iquet tes  i s  concerned, t he  method of quenching had no s ign i f i can t  
Pffect. 

Table  5 l ists  the  

T? ~ 7 ; -  iliifr'erence was t h a t  wet quenching inc reased the  moisture content 
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i n  the ca--bodsed br ique t tes .  

The ash content i n  t h e  raw U@ts has a great inr'luerice ori t he  qu:dlity of 
br'jquettes. The ash content i n  t h e  raw l i g n i t e  t h a t  +,as used i n  %h3sa t e s t s  varied 
frciz: 2.E; to 7.33. As f a r  as can be seen froff i  the da t a  co l l sc ted  dur',ng these rus, 
dthoTi& ?:le va r i a t i sn  in ash content did not have d prorauncjd e i f ec t  on tts &at- 
te r  icd?x of carbomsed br ique t tes ,  ye t  it grea t ly  inz'lcencrd :ha turnbler irdex. 
Table 6 i z e c a t e s  ~ ~ P S P  r e su l t s .  

Tab12 7 gives the p h p i c a l  pmper t i e s  of raw b r i q e t t e s  a m  carboaised 
briqu3ttes.  The c h d c a l  and physical properties of these  carbonised br icpe t tas  
a m  s'dlar to thsp. prodsced i n  3 r z a - q  ( 5 )  and correspocd t o  t h s  proparties of 
cherccal used i n  Sout t  Icdia (6). 

P i l o t  F l a t  inves t iga t ion  on the  drging, br ique t t ing  and carbonisation of 
South Arcot Ugnits showed t h a t  p o d  carboniaed b r i w e t t e s  could be produced for use 
as domestic fuel. Gptircum conditions f o r  drying, br ique t t in ;  and carbonisation viere 
est  ;Sl.ished 
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Moisture % 51.00 - 56.00 
2.20 - 3.30 
22.40 - 24.93 
19-10 20.59 

; ish 
Volatile matter 
Fixed Carbon z 

b) Ultimate analysis: 

% 29.48 - 33.60 
d 2.07 - 2.40 

0.24 - 0.29 
8.63 - 9.21 % 

SS 0.29 - 0.48 
J 2.20 - 3.30 i 51.W - 56-00 

Carbon 
Hydrogen 
Nitrogen 

Sulphur 
Ash 
xoisture 

3 

c> Calorific value: 

Gross: k.cal/kg 2560 - 3165 
Net : k.cal/kg 2307 - 2902 

\ 
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TABLE 3 - INFLUENCE OF EOISTURE ON "HZ IIELD aP 
cARBL7NIsED B R I q m .  
I(Size of raw briquettes - 65 mu.> 

Moisture i n  Yield of 

z =P- the raw briquettes 

17.2 9.7 

13.6 29.9 
12.7 49.6 
12.0 53.0 
11.7 48.0 
11 -4 38 .O 
11.0 35 -7 

16.2 17.2 

- 
TAELE 4 - PZEIl) OF WOLZ CAElBONISH) BRI- 

(from 38 mm. raw briquettes) 

Carbonisor run 7 8 15 16 1 7* 

Temperature - Gaa cmsa- 
over OF 775 700 775 700 630 

Size of raw briquettes 0 

diameter i n  mm, 38 38 38 38 38 

Moistwa i n  the raw 
briquettes $ I t &  11.4 11.6 10.4 12.0 

Yield of carbonised 
briquettes: 

temperat- a t  the time of charging briquettes i n  run No, 17 
-9 460° F. This explains the lower field of full briquettes. 
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33 34 35 36 

R~ !roo 
Gas Watar Gas Water Gas Water Gas Xater 

quench- quench- quench- wench- querxh- quench- quench- Wench- 
ed ad ed ed ed 06 ed ed 

Raw briquettes: 

Eoisture z 11.4 11.0 13.2 13 -2 

Ash 6’ 14.4 13.8 8.2 8.2 d 

Cerbodsed briquettes: 

Temperature of gas 
cmss+ver OF 700 700 645 700 

+ 4” % of product 80.2 86.7 80.9 80.7 96.6 96.4 94.1 92.3 

Compression 
strength kg/m2 120 112 152 186 151 164 160 167 

F?.isture in carbonised 
briquettes pd 2.1 4.5 1.5 3 4  1.9 9.0 1.3 4.0 

Raw brisuettes: 

r”;oisture % 12.4 12.0 12.0 127 13.2 11.4 
A s h  % 5 .9 7.5 8.2 8.9 9.4 14.4 

Ash ( h i s t w e  free) 6 -7 8.5 9.4 10.4 10.7 15.5 

Shatter index + 3/4” % 87.5 90.3 93-5 86.7 86.2 84.8 
Tumbler index C 3/4” % 82.6 76.1 72.4 67.6 57.4 62.5 

*Low tumbler index i n  t h i s  run i s  &e t o  the cumulative effect  of high moisture 
and ash. 
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NOTE ON CEIARGING TEMPERATURE AND COKE Q u a m  
RFPFEEWTATIVE STUDY RESULTS OF AMERICAN, AUSTRALM 

JAPANESE COALS 

C .  E. k r s h a l l ,  D. K. Tompkins, D. F. Branagan, J. L. Sanderson 

Department of Geology and Geophysics 
University of Sydney, 

N.S.W., Australia 

1 .  Introduction 

During the past  few years ,  -&e Coal Research  Group of the Departmen; of 
Geology and Geophysics, University of Sydney, has been engaged upon studies 
designed to ass i s t  in the better development and more  economic utilisation of the 
solid fuels .  
a r e  st i l l  proceeding, is that of carbonisation; the principal concern has been to 
investigate the factors  affecting carbonisation and to improve coking character is t ics  
in relation to metallurgical coke production. 
both established coking coals and some generally regarded as poorly coking and 
unsuitable for  industrial use; 
Japanese coalfields. 

Illinois State Geological Survey, c,arried out an intensive laboratory-scale  investi- 
gation of the petrographic and coking, character is t ics  of the Illinois,No. 6 and No. 5 
coals (1). 
project of utilisarion studies of some Australian seams  which a r e  of, s imi la r  charac- 
t e r  to the Illinois coals; inter im statements of certain ear ly  resul ts  were submitted 
to the Institute of Fuel (Australian Membership) Symposium at  Newcastle, N.S.W. 
in 1959 ( 2 , 3 ) . ,  
range of both individual and blended coals, par t icular  emphasis being placed upon 
the blending potential of selected eus t ra l ian  and Japanese seams.  

cannot be integrated directly with those of full scale industrial pract ice ,  but experi- 
ence has shown that they may be correlated.  Consequently, the laboratory methods 
permit a relatively rapid, economic and crit ical  assessment  of the factors  affecting, 
coking character is t ics ,  and establish t rends which may serve as useful guides to 
improved industrial practice. 

2 .  Coking Potential 

affect the coking potential of a coal may be grmped as  (a7 inherent petrological, 
physical and chemical character is t ics  of the raw mater ia l ;  
of these character is t ics  brought about in the preparat ion of the oven charge; 
conditions under which the coal is carbonised. 
factors  a r e  subject to mutual variation; 
potential demands comprehensive, exhaustive and controlled studies. 

carbonisation conditions upon coke character is t ics ,  namely, the effects of charging 
temperature upon the  mechanical properties of the resultant coke. 
and standards adopted for  these tes ts  have been based upon much more  comprehen- 
sive studies, discussion of which is beyond the scope of the present  paper .  

However, i t  should be stated that detailed studies have shown that coal par -  
ticle size consist is often a very significant factor in determining the physical 
qualities of the coke produced. 
of normal, medium to high-volatile bituminous coals which have been investigated 
to date appear to yield most satisfactory cokes when the raw mater ia l  is reduced 

One of the most comprehensive fields of investigation in which studies 

The seams studied to date include 

they have been drawn.from American,' Australian and 

In 1955, the senior author, with a g rmp  of American co-workers from the 

Subsequently, the Sydney r e sea rch  group embarked upon an  extended 

More recently the project has been greatly expanded to cover a wider 

In all this work, i t  is  'recognised that -the .laboratory sca le  study results 

Broadly, the m a y  related and mutually modifyin factors  which appear to 

(b) induced modifications 
and (c) 

Within and between these grcups all  
consequently cr i t ical  assessment of coking 

The present paper deals only with one limited aspect  of the influence of 

Other 'conditions 

Under the conditions of study developed, the majority 
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b y  controlled breakage to pass  iff mesh, with the minimum production of finer sizes.  
Standardised procedures of s i ze  reduction, however, do produce differences in final 
consists, a response io variations UI rhe physical and petrographic characterist ics 
of the seam material .  ' 

3 .  Coke Production and Testing Methods 

The methods of laboraiory-scale production testing and evaluation developed 
f o r  the coking studies of the Illinois seams have been described elsewhere ( l ) ,  and 
compare closely with those more recently applied to s imi la r  investigations of the 
Australian and Japanese coals.  
of approximately 700 grams,  prepared according to a standard procedure, were 
coked under various conditi,ons of charging temperature,  final soaking temperature, 
and length of coking period. The coal charges,  contained in closed, cylindrical 
refractory retorts,  were heated in a silit-rod (Globar) type of electrical furnace 
with accurate thermostatic and program control. 
quadruplicate. 
by laboratory scale adaptations of the industrial shatter, tumbler and micro-mechanical 
t e s t s .  

in the circumstances, a s  sha t te r  and macro-tumbler stability index results a r e  
conditioned largely by the macro-structure  of the coke (joints, cracks, pore-  
dimensions and ."wall"-thickness) .while micro'-mechanical strength and macro-  
tumbler hardness largely indicate the strength of the coke substance itself. 
these laboratory tests were adequately discri,minatory i s  evident from the study 
results summarised in figures 1-8. 

In the following discussion, "optimum" a s  referred to coke quality implies 
maximum attainable vaiues for the mechanical strength indices. Unfortunately it 
is seldom that all these strength indices attain thetr respective maxima under 
precisely s imi ia r  conditions, Consequently the "optimum" of quality in any coke 
must represent a compromise, 'mos t  suited to the, consumer's particular requirements. 
Similarly, "optimum", conditions of coking a re  described by those particlar circum- 
stances in  the thermal cycle which.appear to contribute to the development of the 
highest mechanical strength indices. 

4 .  

For ihe purposes of the present study, coal charges 

All coke runs were made in 
The "strength" characterist ics of the resultant cokes were examined 

The combination of "strength" tests used was considered to be most suitable 

That 

Factors  in the The rma l  C i c l e  of Coking 

(a) ,Oven temperature a t  charging. ) particularly in relations to the plastic 
(b) Rate of heating ) range of the coal. 
(c) Final coking temperature, 
(d) 

The factors considered to be of importa'nce in the therrna1,regirne include 

Period of coking, both overall  and at final temperature of carbonisation. 
Limitations of space preclude any. adequate discussion of all these factors 

although they a r e  certainly imp0 rtant and mutually disturbing. 
essential  introduction to the main theme (the'effects of oven temperature at charging 
upon mechanical strength characterist ics of the coke produced) the following brief 
and qualified resum; 'of ,  the general effects of the other factors in the thermal cycle 
is included. 

However a s  an 

Final Coking Temperature 

F o r  the majority of bituminous coals examined so far,  increased 
final coking temperature i s  accompanied by improvements in coke quality in respect 
of both macro-  and micro-mechanical indices, until a particular "optimum" tem- 
pe rature of coking i s  attained. Carbonisation temperatures above the "optimum" 
for each particular coal, invariably have resulted in severe deterioration in the 
macro-mechanical indices of the coke. Ln the laboratory studies, for  most of the 
coals prepared under "standard" conditions, the particular "optimum" temperature 
of final carbonisation l ies between 1000°C and 1200°C, although in some cases 
fur ther  improvement in mechanical.strength may be induced by evenhigher temper- 
a tu re s .  

In the case of the Ulinois coals,  "optimum" final coking temperature proved 
. . .  , , .  . .  
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t o  be 1850°F (lOIO°C); for  the Australian and Japanese coals, 1200°C has emerged 
as the most  nearly satisfactory temperature of final coking. 

Duration of Cokinq 

The majority of the coals studied appear to yield "optimum" cokes when 
at the final coking temperature for  a relatively short  period. 

laboratory studies, periods of more than two hours a t  maximum temperature of 
carbonisation were usually accompanied by definite deterioration in the coke strength, 
although this invariably improved again with f u t h e r  extension of time to approxi- 
mately 10 hours. 
two hour final soaking period was adopted a s  standard. 

efsteelyll, bright lustre  and a minimum of breeze.  

In the 

A s  such prolonged %oaking" was not considered practicable, the 

Under "standard soaking1# conditions, the coke produced usually exhibited a 

Rate of Heating 

In coking, rate of heating must be related to the initial temperature and heat 
capacity of the oven on charging, the oven temperature increment p e r  unit of t ime, 
and the thermal  conductivity of both the coal charge and the progressively develop- 
ing zone 6f coke . quite apar t  f r o m  the thermal  characterist ics of any reactions 
involved. 

istics is discussed l a t e r  as the principal theme of this paper. 
observe here that the higher the oven temperature upon charging, the more rapid is 
the initial rate of heating, a factor which appears to be of particular importance in 
d a t i o n  to the plastic temperature range, plasticity and volatile evolution character-  
is t ics  of the coal. 

by introducing the coal into the oven at successively higher temperatures .  There - 
after,  dependent upon the characterist ics of the equipment available, standard rates 
of temperature increase were maintained at  3.6'C/min. (American coals) and 
3.4OC/rnin. (Australian and Japanese coals) to 1000°C, followed by slightly reduced 
rates of heating to the maximum tfsoakingtl Lemperatures. 
approximate mean rates  of temperature increase established i n  pilot oven studies, 
and were accepted as Itstandardl8 but subject to l a t e r  investigation. 

5. 

which formed the subject of this study a r e  quoted in Table 1. 

The influence of oven charging temperature upon coke-strength character-  
It i s  sufficient to 

In the laboratory studies, the initial ra te  of heating of the charge was increased 

These figures closely 

Charging Temperature and Gke Quality 

Representative analyses of the American, Australian and Japanese coals 

TABLE 1 - Analyses of Coal 

Seam Prox.  An. ('-70 a .d .  coal) U l t .  An..(%d.a.f .  coal) B.S. 
Index 

MDist. Ash. Vol. F.C. C. H. N.  S. 0. 

No.  6 Coal, Illinois 7 .8  8 .6  34.8 
No. 5 Coal. Illinois 5.2 10.9 34.4 
Liddell Coal, N.S.W. 3 .0  8.0 36.8 
Borehole Coa1,N.S.W. 2 .5  9 .9  32.6 
BulliCoal, N.S.W. 1.1 7.2 22.2 
Akahira, Japan 2.8 5 .5  41.8 
Futase,  Japan 3 .0  8 . 4  38.2 
Takashima, Japan 2 .2  . 5:9 43.6 

48.8 

52.2 
55.0 
69.5 
49.9 
50; 4 
48.3 

49.5 
80.8 5.5 1.9 - 
52.3 5.5 1.9 1 .6  
82.4 5.8 2.3 0.4 
82.4 5.4 1.7 0 . 5  
89.0 5.0 1 . 9  0 . 3  
82.3 6.2 2 .3  0 . 6  
82.3 6 .0  1 . 5  0 . 3  
83 .8  6.3 1 . 4  0.6 

- 4  
8.7 3L 

10.0 5 
3 .8  8 
8 .6  5 

7 .9  7 . 

P .  9.1 2z 

9 . 9  14 

Illinois seams Nos. 5 and 6, the Liddell and Borehole of New South Wales, a r e  
quite comparable in chemical constitution and similar in overall petrographic 
character;  
respectively of somewhat higher and lower rank. 

the Bulli coal of New South W a l e s  and the three Japanese samples were 
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Standard charges of each of these eight coals (controlled bulk and size 

consist) we,re introduced into the coking oven, of which the initial temperature 
was increased by successive increments to the particular f i z o k i n g  temperature 
adopted a s  optimum for each coal., L.1 al l  cases,  after charging, the oven tem- 
perature increase was maintained at the standard, controlled rate until the soaking 
temperature was attained. 

revealed generally similar trends in the relationship between coke strength and 
oven charging temperature.  
improved progressively, reaching maxima for various particular charging tern - 
peratures ranging between400OC and 1000°C; 
beyond the maximum was frequently precipitate. 
increased charging temperatures produced an initial deterioration in the strength 
indices of the coke, which thereafter improved to their particular maxima before 
declining rapidly.' The Takashima coal in general  exhibited deterioration in 
macro-  strength indices and improvement in micro-  strength characterist ics 
with increased charging temperature.  

Though frequently having pronounced effects upon the other strength charac- 
teris-tics, the temperature of oven charging assumed most cri t ical  significance 
in relation to shatter and stability,indices - both meas.ures of the coke macro- 
structure.  
accompanied by slight improvements in the strength of the coke substance, a s  i s  
made evident by increased micro-strength and resistance to abrasion. 

( 

With the exception of the Bulli and Takashima 'coals, al l  those examined 

In general, the majority of the strength indices 

the decline in the strength index 
In the case of the Bulli coal, 

Severe deterioration of one or  both of these indices is  not infrequently 

(a) The American Coals 
\ 

The mast  significant feature of 'these study ser ies ,  results of which are  
shown graphically in Figures 1 and 2 ,  was'the,  cri t ical  ,effect of charging temper- 
atures in exc,ess of.450°C and 54OOC respectively on the' shatter and stability 
indices. 
cri t ical  values were accompanied by modest though er ra t ic  general improvements 
in shatter and some reduction'in stability for  the No. 6 coal; a general, gentle, 
but varying deterioration in a l l  macro-strength indices occurred in the 'case of 
the No.5 coal. , .  

those indicated, both shatter and' stability indices of the cokes produced from each 
of these coals exhibited a general and rapid decline. 
ations were accompanied by slight improvements in resistance to abrasion and 

ranges . 

(45OoC for No. 6 coal and 540°C,for'No. 5 coal) is within or just adjacent to the 
plastic temperature range of the coals. 
successively higher temperatures,  these coals a re  subjected to an ever-increasing 
rate of temperature, increase up, to,' through,, and above the plastic range, and are  
thus afforded less  and less  t ime for.volgmetric and other adjustments before the 
"setting" temperature is reached., The consequent accumulation of s t resses  and 
the development of increased jointing and fracturing is indicated by the decrease in 

Progressive increases & cha-rging temperature from 25OC to these 

When charging .was ,carr ied out a t ' temperatures  progressively higher than 

,In each case the deter ior-  !' 

5' 

1 

micro -mechanical strength, the trends being more strongly marked in the higher 

It appears significant that in each case the cri t ical  charging temperature 

It is considered that when charged at 

I ,  

macro -mechanical strength. / I  

The toughness o r  hardness of the coke substance (resistance to abrasion and 
micro-mechanical strength) does not appear t,o be related to the heating rate in 
any particular range, and increases slowly with the r ise  of charging tern-perature. 

Apart f rom the effects upon strength, increases in charging temperature 
were accompanied by marked and progressive improvement in the colour and lustre 
of the resultant cokes, which w e r e  also of rather smaller  size consist. 

(b) The Australian Coals 

As in the case of the American coals, charging temperature again assumed 
particular and crit ical  significance in relation to coke shatter and tumbler stabi- 

did not occur until it exceeded 800OC. 
lity indices, but serious and progressively increasing impairment of these factors ,/ Unlike the Illinois seams, there was no 
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ser ious and continuing decline in macro-strength of the coke produced, with 
charging temperatures immediately above the coal plastic range. 
Liddell coal (Fig. 3) did exhibit a slight depression of a l l  three macro-mechanical 
strength indices associated with a charging temperature of 500°G which is slightly 
above the setting point. 
were accompanied by definite improvements in the macro -  and micro-strength 
indices of-the coke produced. 
deterioration in macro-strength. 

carr ied out a t  temperatures of 200°C (very low macro-tumbler indices) and 4OO0C 
(depressed shatter and micro-mechanical strength); 
peratures between 400°C and 800°C produced general  and prcgressive improvements 
in the coke strength with well defined deterioration thereafter.  
strength was obtained from coke produced by charging a t  a i r  temperature. 
plastic range of Bulli coal i s  approximately 39OoC to 480OC. 

The Borehole coal showed continuous and progressive improvement in all 
macro-stren th indices of coke produced with increase of charging temperature 
up to 8OOOC k i p .  4); thereafter shatter index declined abruptly although tumbler 
stability did not deteriorate until the charging temperature exceeded 1000°C. 
Charging temperatures above 80OOC were accompanied by accelerated improvement 
in coke micro-strength. 

by considerable improvement in both colour and lustre  of the coke produced. 

However, the 

Progressive increases  in charging temperatures to 8OO0C 

Higher charging temperatures induced serious 

The Bulli coal (Fig. 5) returned a severely weakened coke when charging was 

charging at increasing tem- 

Optimum micro-  
The 

In each of these coals, the higher charging temperatures were accompanied 

(c) The Japanese Coals 

F o r  the three Japanese coals, variations in charging temperature produced 
three generally quite different trends in overall  and particular variation of coke 
strength. The Akahira coal behaved in a manner broadly comparable with the 
Illinois coals Nos. 5 and 6; 
the Borehole coal of New South Wales; the Takashima coal could not be readily 
compared with any other coal a s  yet studied. 

show an essentially parallel  trend of shatter and stability indices throughout the 
greater  part  of the charging temperature range, The resulrs of the macro-  
mechanical tests of the Akahira cokes suggest that a progressive increase in 
charging temperature to 1000°C brings about the formation of a joint o r  fracture 
system in the coke which is progressively more susceptible to rupture from impact 
but progressively less  susceptible to abrasion. 
slightly and erratically with increased oven temperature at charging. 

with increased charging temperature up to 60OOC; 
declined rapidly, followed by tumbler stability for  temperatures exceeding 80OoC. 
Micro -strength variation was e r ra t ic  and not evidently significant. 

if charged to a cold oven. 
to 8OO0C brought about a very substantial and progressive decline in these charac- 
terist ics,  after which there was a slight improvement. 
definite improvement in micro -mechanical strength i s  evident in  response to 
increased charging temperatures . 

cokes corresponded closely with those of the American and Australian groups. 
The Takashima, however, showed no significant variation throughout the range in 
either friability o r  the fragmentary character of the coke yield; 
impmved as  higher charging temperatures  were employed. 

the Futase revealed trends rather  s imi la r  to those of 

The Akahira was the only one of the eight coals discussed here  which did not 

Micro-strength indices improved 

In the case of the Futase coal (Fig. 7) a l l  macro-strength indices improved 
the reafter the shatter index 

The Takashima coal yielded a coke of superior macro-mechanical strength 
Progressive increases  in the initial oven temperature 

A somewhat e r ra t ic  but 

Variations in the appearance and size characterist ics of Akahira and Futase 

only lustre  

Summary and Conclusions 

F r o m  this present brief review of a s  yet incomplete studles, i t  is  evident 
that the program of temperature increase durlng carbonisation has a profound and 
possibly particular effect upon the mechanical properties of the coke produced 
f r o m  any Ilcoking” coal. Optimum qualities of macro -  and micro-strength a r e  
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seldom developed together under any single coking regime. 
coke producer and consumer mus t  accept a compromise on quality characterist ics,  
according to their particular requirements and the inherent limitations to controlled 
coking. 
of coke quality through careful selection and preparation of the raw coal. 

Futase), charging to the oven at temperatures even modestly in excess of their  
plastic range may well induce serious deterioration in the macro -strength charac- 
terist ics of the coke. 
substantially improved cokes when charged to an oven of which the temperature is 
300 o r  4 O O 0 C  higher than the plastic range (e.g. Liddell, Borehole and Bulli). 
Some coals may yield cokes which apparently deteriorate progressively in macro-  
strength characterist ics with any increase of charging temperature above that of 
an air-cold oven. 

ist ics has been observed a s  accompanying increased oven temperature on charging. 
On the contrary, in the majority of cases ,  the strength of the coke substance 
appears to improve with increased initial oven temperatures,  particularly in the 
higher ranges. 

by ra tes  of heating a s  related to the plastic range, plasticity characterist ics,  and 
g a s  evolution characterist ics of the coal concerned; 
graphic constitution, type distribution and rank of the seam. 
proceeding in this field of investigation. 

Consequently, both 

On the other hand, it i s  evident that much may be achieved in the control 

F o r  certain high volatile bituminous coals (e.g. Illinois Nos .  5 and6, and 

Other bituminous coals may, with minor exceptions yield 

No significantly progressive deterioration in coke micro-strength character-  

It is suggested that variations in coke character may be significantly influenced 

these in turn  reflect the petro- 
Further  work is 
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RESFX?CH 'INTO METHODS OF IMPROVING BLAST FURNACE COKE QlJALITY 

WlTE SPECIAL REFERFNCE TO THE EFFECT OF BEmTOmrmE 
AT B.H.P. IEWCAS-, AUSTRALIA 

J. A. Gregory 

The Broken H U  Proprietary Company, Ltd. 
Newcastle, N. S. W., Australia 

The high ash, mediva t o  high v o l a t i l e  co ?m coals  avai lable  i n  the  
v i c i n i t y  of the I ron and s t e e l  works a t  PTexcastle 43. ' y i e l d  a very poor qual iqr  
b l a s t  furnace coke by most v o r l d  stmdzrds. 
rspid  e-ansion of the  Coinpanyg 8 production f a c i l i t i e s ,  has  c q h a s i s e a  t h e  
need f o r  extemive invest igat ion of methoads of inproving the qual i ty  of t h s  
coke made from these coals,, 

been of recognised p r a c t i c a l  be ef3 t and in f a c t ,  coLmon LJlant pract ice  f o r  
sone t h i r t y  f i v e  or more years,?2#3rc)and the grind spec i f icz t lon  ovcr t h i s  
perio3. has gensrally var ied betyeen the equivalent 3f 505 t o  
mesh E. S. S. :rhich i s  verr  f i n e  by nost  stpndards. !?o;lever, ivith t3e 
ex;?ansion o f  the cotrpsqr 's research a c t i v i t i e s  a?& tine i n s t a l l a t i o n  o f  p i l o t  
scale  research eqJipsent(5),  it ~ 2 3  considered desirable  t o  inves t igs te  the  
e f fec t  o f  coal  g r i n 3  and the use of adrrlitives i n  nore d e t a i l o  

scale  oven tests on the e f f e c t  of coa l  gr ind 03 coke strength. In  addition, 
many a e r i e s  of tests coxpiirlng the e f f e c t  of  various addi t ives  previously 
investigated,  such as char made from non-caking coals, were c a r r i e d  out over 
a range of coal  charge sizings. I n  the cows5 of t h s  &ove investigations,  
o5servations nade iI? r e l a t i o n  t o  the .  e f f e c t  on coke s t rength  of 'Jyoming 
bentonite and the bentoni t ic  dayshales  associated with tiie unwashed coals  
resulterl  in the concentration of a good deal  of research e f f o r t  on mineral 
n a t t e r  associated with both northern and svJthern New South Wales coal 8em.s. 

This fac tor ,  coz~?1ir.e9 x i th  

Fine minding of  t h e  coal charged t o  the ovens a t  Ne-mlistle has 

.minus 18 

An ear ly  stage of t h i s  research c o q r i s e d  experimsntal and f u l l  

Conoiderable de ta i led  resesrch on the  e f f e c t  of addi t ives  v.zsfi 2 6  
chcr, cci're-breoze, irorr end lizez2one has  been car r ied  out whic3 fiillj- 
c o r 9 i r m  the acivantazee of cher ari?ition in con;,sribon wlth otiier r e c o g n i 6 e ~  
methods of coke strength irzgrovmento However, i t  is n o t  l r tended  t o  
descri'ce t h i s  work i n  any d e t a i l  nere, save t o  co-mare the coke strength 
data  s . r l t h  t h a t  obtaiced in the  invest igat ion o f  f i n e r  grir.ding and bentonite. 

TESTS ON 

I n  Novenher '1956, a s   art of a long range program of *roving the 
p a l i t y  of b l a s t  f u n a c e  coke used a t  the  Nemastle steelviorks, investiga- 
t ions  of the coking c h a r a c t e r i s t i c s  of the  northern coal  ssma and varia- 
t ions bety,een the s m e  seanis a t  our severel  c o l l i e r i e s  u'ere coranenced. 
These sQerime.n.tal oven t e s t s  nere c s r r i e d  out pr on t o  the  i n s t a l l e t i o n  of  
the P i l o t  Scale Coal and Coke Besesrch Laboratoryt5J, and consequsntly, 
c lose control  3. s x h  chars3 vhriables as  ash cor-tent End coal  Zrinci r.ras not  
CI~HZJS possible. l a r g e  nu!ber of oven t e n t s  were of necessi ty  c a r r i e d  out 
i n  e.n a t t e z p t  t o  c l a r i f y  the  effect  of  the nany variables  encounteredo 
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The r e s u l t s  o f  a s e r i e s  of e a r l i e r  experimental oven t e s t s  a r e  

shown in  f igu re  1 ,  i n  vfhich the t rend  i n  re la t ionship between coke strength 
indices  and coa l  g l n d  a re  shom. 

It can be seen t h s t  increasing the f ineness  of  gr ind of  the coal 
charge has r e su l t ed  i n  an increase i n  t h e  s t rength of the coke as nieasured 
by the A.3.T,?,!. s t a b i l i t y ,  hardness, and sha t t e r  indices. These res l l l t s  
indicated the p o s s i b i l i t y  o f  increasing the s t a b i l i t y  of the coke fron? less  
tnsn 20 t o  over 30 by increasing the fineness o f  grind. Boke of  30 s tab i l -  
i t y  has previously only been obtsined on a production bas is  a t  Nerircsstle br 
addicg approxizatelr  25.;: lower v o l a t i l e  southern 11.9. :!. strongly co'rrine coal 
to the nortiiern blendso The incorporation o f  t h i s  southern coal ,  a tnough 
r s s u l t i n g  i n  irsprsved b l a s t  furnace oPeration, has generally been considered 
en eqens ive  answer t o  the _nroblen o f  inproving Hencastle b l a s t  f i rnaca c o ~ e  
q m l i t y .  The r e s u l t s  obtained by f i n e r  grinding suggested therefore,  an 
a l t e rna t ive  method to  the u s e  of southern coal. However, i t  was d S 0  
r e a i i s e d  t h a t  there  ex is ted  a nunber of p r a c t i c a l  problems i n  r e h t i o n  t o  
achieving and handling on a production scale  gr inds f i n e r  thsn 7&% d n ~ m  l a  
nesh. 

FULL SCALF: FILE GRIIu13 PESTS ON LTfiYASll~ COALS 

I n  February t o  April  1958, ten series of f i n e  grlnd t r i a l s  Nere 
c a r r i e d  out  i n  the f u l l  s ca l e  ovens a t  Newcastle. The bulk o f  these t e s t a  
pere  ca r r i ed  out using Lembtor, C o l l i z r y ,  Victor ia  Tunnel Seem, Burivood 
Coll iery,  Sorehole Seam and aurwood Dudley Seem cos l s  i n  the unwashed condi- 
tion. F a c i l i t i e s  mere not ava i lab le  to  car ry  o u t  t e s t s  on individual seams 
a f t e r  viaghing, but  it was possi'ole t o  t e s t  the e f f e c t  o f  coal ,gg?ind o n  the 
then clirrent northern blend ex the washery and the f i n a l  t e s t  i n  this s s r i e s  
was conducted on such a sample washed t o  143 ash. The overal l  r e s u l t  of t h e  
e f f ec t  o f  c o a l  $rind on coke s t rength  for t h i s  s e r i e s  of t e s t s ,  on cosls 
ranging from 13,d to  21% ash content,  is  shorn i n  f igu re  2. 
showed tha t  these f u l l  s ca l e  oven t e s t s  gave R close cor re la t ion  u f i t n  the 
r e s u l t s  obtained in the  experimental oven on northern coals a t  a s imilar  
ash levP1, 

of Siner grinding, the discoverg of the benef ic ia l  e f f ec t  f a l l  percen- 
tages  of bentoni te  and bentoni t ic  shales i n  northern c o a l s ~ 3 * ' ~ ,  providsd 
reason f o r  caution i n  assessing tine effectiveness o f  f i n e  grinding. I n  
addition, ciuring t h e  t e s t s ,  considerable difr'icu1t;r ~78s  eqe r i enced  in 
handling the very f i n e l y  &Found coa l  chargtts, v3icki i s  a P u t h e r  m o r t a n t  
consideration i n  rsgard t o  f i n e r  p inding .  

Calculation 

Pronising though these r e s u l t s  were i n  regar?. t o  the effectiveness 

A c loser  exemination of the r e s u l t s  of the f u l l  scale  f i n e  -grind 
t e s t s  on Victor ia  Tunnel, Dudley a n i  Borehsle s e a  coals  shoy;ed tha t  thertt 
were a t  l e a s t  three va r i sb l e s  which could be contributing t o  t h e  increase 
i n  coke s t rength,  i n=  other  two being ash content and coal soam variation, 
Fine grinding had been m o s t  e f fec t ive  v i t n  the high ash Dudley s e m  cgal,  
and l e a s t  e f fec t ive  ivith the lower ash Borehole seam ~ 0 2 1 ~  

I n  addition, l a t e r  invest igat ions showed tha t  o f  the coa l  SeaT.8 
tes ted,  the Dudley and Victor ia  Tunnel seam containing 'centonitic c l w -  
sha les  gave the b e s t  r e s u l t s  on f i n e r  grinding, whereas the 3orehols seam 
containing r e l a t ive ly  l i t t l e  bentor.ite gave the l e a s t  inqroveIEent, 

I 

I 

/ 
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rjecr,:.iss af the nuxber of vs r i sb les  t ha t  coulrl Se contri'tsiiting t o  
:?le effectiveneks of f i n e  grinding, i t  vias c loar  t h a t  the ~ rob1sm of s ign i f i -  
c a n t l y  and economically i q ~ r o v i n g  northern b l a s t  furnace coke qrrality bg 
f i n e r  grinding vas mora, c o q l e x  than or ig ina l ly  thaught. 

3:)3SRIX!XL'AL AI?? FEU S C U 3  O W l -  TESTS ON 'YASHED C O A L S .  

( a )  Emeriaent;lJven Fine Grind Tests  

I n  1959 fuli sce le  wet ::lashing .of the f i n e  coals  on Deis ter  'ta31es 
r e s l y o d  any t a b l e s  end the ash i n '  tP1e washed coal  t o  the co.nxercia1 ovens 
x 3  r edwe$  fron 1531 t o  11s. 
I " i ~ ~ r n  the r e3nc t im of 4; i n  coa l  ash, 
sL~sngth ,  I n  sp i t e  of the f a c t  t h a t  the %{ reduct ioc i n  ash gave severa l -  
aoints increase i n  coke A. S.T.L. harfdny,ss index, t h e  -%. FiaT.V. sha t t e r  and 
z t - 1 b i l i t j  wni-e rsdusec? soixwhai and there vras. a ,  inarked increase i n  the 
a:xuit oi" s p m ~  coke poduced,  

t e s t s -  .m these cuprent washed coals  of ,115 mh. Two s e r i e s  of t e s t s  were 
cz r r i ed  out ,  each .OII a ten ton sanple from the. f u l l  sca le  wasilery. 
ant ic icated,  f i n e r  grinding was sotne~:h,at less e f f ec t ive  with these washed 
c a a l a ,  Yonevel", i t  ?/as also found tha t :  i n  the experimental oveii, these 
I.;<, ,,L,:ied. c I coals gave ,considerably b e t t e r  qaa l i t g  coke a t  coarse c o d  grinds 
tiisn di9 the full sca l e  avens. Although the reasons for ?hi6 improvement 
v:Frs 'obscure, i t  'yas c, lear t h a t  reesonably s'trong ,coke could be  brodxced 
i n  +he - eqe rL ien ta l ,  oven, a t  (by our standards),  r e l a t ive ly  coarse coal  grinds 
o f  the order cf' 40$ t o  5Q3 minus 18 me311 E.S.S. ' , 

(b) 

63s 1bs each had been coked i n  invest igat ion of vsrious measures taken to  
i q - o v e  co:,Cs ?uuali,ty, and it had been concluded ' tha t  the most promising 
avenuss o f  fu r the r  invest igat ion were f i n e r  grinMng, 5% char  addi t ion and 
42 Bentonite addition. These three  methods although presenting the i r  own 
individual problems a s  regards f'ull sca le  appl icat ion,  Were considerably 
nore e f fec t ive  in the experimental oven tha t  say, i ron  ore, coke breeze or 
l ixestone additions. 

::!o:-i<s Syjearc:? Laboratory ( a s  described i n  more d e t a i l  i n  t he  next sect ion) ,  
i n  o r & r  t3 confirm t h s  r3esu l t s  ,obteined in  the experimental oveno The 
r e s u l t s  of' these t e s t s  are  given i n  tab le  I. 

Blast  farnace operat isn benefi ted consi8erzbly 
bwever, thare  was a fall-off i n  coke 

. .  
The ogportunity was taken to  carry out experimental oven f i n e  gr ind  

11s 

. .  

, .  

Fclil Scale Oven Tes ts  Coin:,arina Fine Grind, Char'-and Bentonite 
. .  

Slnc3 i i d  1956, some 850 experimental oven .charges of approximately 

Therefore, a nudber of f u l l  sca le  oven charges were prepared a t  the 

Des-ription Of 
U L  hS 

8 Control Tests 

(-A,.-- 

(iimge) 
:hixed Charze 
(EO addi t ions)  

T . a U  I. 
Pill Scale Oven Tests  Comparing Fine Grind, - Char and Bentonite Ad5ition. 

Coal  Grind A.S.T.31. Coke Physical Test Dat3 
5 1  8B. S. S. 3 Shat ter  1 "3 t&i l i tx  &Wzrdness 

49/55 68/74 -1 6/24 68/71 

48 71 19  68 

48 76 34 72 
44 a2 38 69 
65 77 29 73 





From t a b l e  2 i t  can be seen t h a t  a marked improvement i n  coke 
st rength has resulted from addi t ion of e i t h e r  %$, 6% or 18 bentonite, 
The run-of-oven coke produced a t  Nswcastls f r o =  the current  washed c o s l  
of approx,il$ ash and 3% v o l a t i l e  matter (d,a.f.) besides  giving poor 
coke strength, of the order of  t h a t  shown for t h e  control  tests i n  the 
tables ,  contains an excessive amount of sponge cokea The addi t ion of even 
a bentonite resu l ted  in v i r t u a l l y  coaplete elimination of  t h i s  sponge 
and a l e s s  f ingery coke prociuct. 
in sg-,earmce of the cokes produced d t h  and without bentoni te  addition. 
These photos ere of e Bingle bag of each coke se lec ted  a t  randomo 
a casual examination of the cokes, there  could be l i t t l e  h e s i t a t i o n  i n  
se lec t ing  the one containing bentonite, 

(b) 

F ig i res  5 a-?d 6 i i luuatrete t h e  c?if?erence 

Sven i n  

Full Scale Oven Tests Prepared a t  Coke Oven H m . e r  Mills with  no 
Seuara t e  tlixir,g. 

The next s e r i e s  of r U l l  scale  oven t e s t s  were aimed e t  determining 
the  simplest p r a c t i c a l  methofi of a d a n g  the bentonite t o  the coa l  In 
ant ic ipa t ion  of a fW.1 scale t e s t  in  the b l a s t  furnaces over an extended 
period, It was d w i d e d  t o  t e s t  the effect iveness  of the hammer m i l l s  
elone i n  mixing the bentollite with the coal. A small hopper and vibrat ing 
feeder were s e t  up t o  feed bentonite on t o  the stream o f  coal feeding i n t o  
the hammer m i l l a ,  For the  t e s t s ,  s u f f i c i e n t  coal  was run through the  m i l l  
t o  f i l l  a sample b i n  ( 3  oven charges)* Two or three cofitrol charges with- 
out  bentonite were prepared and charge& followed by three charges w i t h  * 
t o  $$ dry b e n t o d t e  powder added t o  the coal e t r e m .  

dry bentonite a t  the hammer mi l l  a r e  given i n  table 3 ~ +  
The r e s u l t s  o f  the f irst  t e s t  a e r i e s  c a r r i e d  out  by adding the fine 

Tmm 3: 

FULL SCALE OVEN TESTS ADDIN3 &% BEXTDNITE 
AT THE WiBlZR MILLS 

De scr iD ti  on &S.T.L!, Coke Physical Test  Data: 
of Charge: 1s Shatter: I S t a b i l i t y :  E H a r d n e s e :  
Control 65 13 72 

I t  64 15 73 
Dry Bent. 73 24 71 

t t  67 24 72 
68 21; 72 It  

From the r e s u l t s  of t h e  above t e s t ,  it was apparent t h a t  the coal  
used was of poorer qua l i ty  than normal as  r e f l e c t e d  i n  t h e  physical tests 
on the control cherges. The t e s t  was repeated using t h e  same technique of 
sdding the bentonite a t  both &$ znd &$ l e v e l s  of addition. The results of 
these t e s t  s e r i e s  are  given i n  tab le  4- 

\ 

\ 
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PULL SC.A.LE OV3N TESTS ADDING 45 AJTD 
f;". B3l!L'ONITS AT THE HALiiuiER XILLS 

Desc r ir, t ion  
Of Charge; 

Control T e s t s  
I Y  It 

I t  It 

It It 

Control T e s t s  
I t  - I1 

I t  I1 

I t  It 

9.S.T.LI. Coke Ph s i c a l  Test Data: 
j f J 3 - H H a r  h e  s e : 

65 17 72 
63 I 6  70 
67 16 73 
75 27 71 
70 30 75 
73 24 72 
65 17 72 
65 l a  74 
63 17 71 
70 23 71 
75 30 70 
67 30 71 

These fu l l  sca le  oven t e s t e  ( tab le  4) c o d i m e d  tha t  $5 t o  5% 
bentcni te  could be added t o  the s t rean  of cos l  entering the hammer mills 
with r e s u l t s  c o q s r a b l e  t o  t'nose obtained by carefu l  mixing. 

DISCUSSION 

Baned on the  r e n u l t s  obtained i n  experinental  and f u l l  scale  oven 
t e s t s ,  i t  is planned t o  ca r ry  out t r i a l s  i n  the coke ovena and 'olast 
furnaces a t  Newcastle over an extended period, The Newcastle plant has a 
nominal cspac i tg  of 300 tons/hour of washed coal, iVe w i l l  aim a t  3% dry 
bentoni te  addi t ion t o  the coa l  stream enter ing the hammer m i l l s .  That is, 
VIS  w i l l  be adding I ton/holu. of ash forming material  t o  the coal ,  and it  
must be admitted t h s t  the b e n e f i t s  o3tained need t o  be su f f i c i en t  to jueti.fr 
such an unusual precedent, 

c a s t l e  b l a e t  furnace coke qual i ty .  Ne therefore,  have the 0pportunit;r of 
answering the age o l d  quest ion concerning the benef i t s  of coke qual i ty  on 
b l a s t  m n a c s  operation, by a simple p rac t i ca l  process, Undoubtedly, 
valuable i d o r n a t i o n  w i l l  be  obtained, 

Our a i n  as regards the coke s t rength i n  the b l a s t  furnace t r i a l  
w i l l  be t o  produce a qonge  f r e e  coke of the  order of 75 sha t t e r  (Iftt), 
30 s t a b i l i t y  and 70 hardness. 'ilhether we can achieve th i s  spec i f ica t ion  
w i l l  depend t o  a large extent  011 the  degree of control  we can exercise over 
the uni formi ty  of addi t ion o f  the bentonite to  the coal stream entering the 
hamner mills, and on the  c o s l  gr ind obtained i n  the  mills. I n  m o s t  of the 
full sca le  oven t e s t e  c a r r i e d  out t o  date, the coal grind has been below 5m 
minus 18 mesh B.S.S. which is generally considered coarse for OUT types of 
cosl .  Ne 'know from experience t h a t  the bene f i c i a l  e f f ec t s  o f  f i ne r  coal  
gr ind and bentoni te  addi t ion  can be cornbined t o  give a stronger coke. Dur- 
ing the t r i a l  therefore,  we i v i l l  aiii t o  maintain the coal gr ind above 50$ 
minus 18 mesh ( the minimnu acceptable f igu re  under normal conditions),  which 
should ensure OD achieving the desired coke strength indices. 

However, &ere is no doubt tha t  bentoni te  markedly improves PTew- 
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There are many Questions i n  our minds regarding the possible  

s i g n i f i c m c e  of the  e f f e c t  of bentonite on coke s t rength  which can only be 
answered by f u r t h e r  research and ths  proposed f u l l  s c a l e  t r i a l .  

On the iwdamental  side,  there  i s  the question of the mechanisa by 
shich bentonite a f fec ts  an improvement i n  the qua l i ty  of the high v o l a t i l e  
northern NeS.;'Io coals. A t  the moment, our thinlring favours the theorr t h a t  
the loa-exchange .capacity of the  bentoni te  favoxrably e f f s c t s  the s t s b i l i t y  
of  t h e  bonding conat i tuents  i n  these coals. On the other  hand, :Ye nave t h s  
c o l t r a s t  i n  e f f e c t  on the lower v o l a t i l e  sauthern NOS.%. coals  whit? i n  a 
l imi ted  investigation,.  have shown a marked de ter iora t ion  i n  coke stren,sth 
with bentonite addition. 

The s o f t  clayshales associated witin the wrrashed northern N. S,'J. 
C O S l S  have been shown t o  possess bentoni t ic  proper t ies  t o  varging deqrees, 
some t o  a marked extent. The addi t ion of 13 of bentoni t ic  clayshale 
rmovsd from the  thxashed cqal  before washing and re-added t o  the vashed 
c o d  has a lso resu l ted  .in a marked increase in coke strength. Hoaever, i t  
is appment t h a t  the  benef ic ia l  p roper t ies  of t i e se  c l a y s n d e s  a re  l o s t  
ciuring coal washing, because zftw md-iing to 115 ash, these coals i n  
pract ice , .  should contain s u f f i c i e n t  of t h i s  clayshale t 3  give &? increase i n  
coke strength. That an increase i n  'coke strenztk? hss not  resu l ted  i n  
prac t ice  is, a t t r i b u t e d  t o  loss of' ion-exchsnge capacity of  the clays during 
-:mshing, This aspect offers a f i r t h e r  in te ros t ina  f i e l d  of resesrch. 

addina bentonite t o  the coal. A l irnited &?noant of work has.been c a r r i e d  
o a t  on the addition of the bentonite i n  slurry forin i n  both  rfater 'an& o i l .  
The bentonite can be dispersed readi ly  i n  the o i l  usejl for bulk density 
control,  but  i t  \'fa6 considsred t h a t  I n  t h i s  Forn, the  im-excharige capacity 
might  be l o = ~ ~ p y i  ts acci: .an cxterit 39 $5: o i l  t h a t  the arfec.t on the cdce 
s t rengt3   wild be leas wrked, 2 e s u l t s  obtained t a  data aith o i l  disber- 
sicn have been vari8,ble and Purther research i s  required an t h i s  poLrto 

-povernent ir. coke stren.gth a s  the dry bentcnite additicns. However, 
although by  no means proven comlusively a s  yet,  it i s  our jxpression tha t  
the no i s twe  content of the  coal may pley 81 important r o l e  i n  the e f f e c t - -  
iveness of tine Ciry bentonite aadif-ion. Thai is, the c o d  charges n i t n  
higher r,oirctwe seem t o  give stronger coke 1.?itl.i the &ry ber-itoniie addition. 
Eoi.te\rer, t k i s  i ssue is somei-:hat clouded hg other var isblea a t  the rconent. 

On the production side,  v i s  hope t o  obtoir  En ansver t o  the question 

There rezisins.sonethine t o  be l e a r n t  rezardlng the beat  method of 

'?later s l l l r r i e s  of bentonite have given nmch t h e  same order of 

of the  r e l a t i v e  rnerLts of colres o f  30 s t a b r l i i y  ard 15 st9bilit:r i n  the 
'blast  ,fiirn%ceE st t!ewastle. If the t r i z l  is successful f'ror: t h e ' p o i n t  of 
viot-: of control and coke s t rens th  and l i t t l e  e f f e c t  i s  shown on b l a s t  
fuz2ace operation and production, then YE ?;iill need t o  rev ise  o u r  assess- 
mecta of .iiha,t c o n s t i t u t e s  b l e s t  furnace coke  quality.  On the o ther  hand, 
shoulc bizs t  fixmace oserat ion benef i t  s ign i f icant ly  from the use of  the 
bentoni te  coke, ne w i l l  b e  a k r t h e r  s t e p  forward i n  the codanon goal of 
ioproving b l a s t  Furnace pr3duct ivi ty  by the  use of t a i l o r  &?de rgw mater- 
i a l s ,  

The author is indebted to  the Directors and EIanagement of the 
Eroken F i l l  Ptg. Co. Ltd., for permission t o  publish t h i s  paper. 

The passage of t h i s  laboratory conception t'prough the 3 i l o t  p l a n t  
stage t o  a full scale  production t r i a l  required the cooperation and ex t ra  

I 
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e f fo r t  of many colleagues together with construct ive c r i t i c i sm a t  eech step 
in the p r o c e s ~ .  Although it  is not Gract ical  t o  s ing le  out 911 o f  those 
iyho gar t ic ipa ted ,  the actnor is esyecial ly  indebted t o  the Chief ':'iorks 
BeSe8rCh Off icer ,  Kr.D.O.i!orris and J o ~ k s  assearch Officer,  Mr,D.E.Felton 
who have been closely associated rrith t h i s  and every phase o r  ow= coa l  and 
coke resemch p o g r s m .  

I,, Standards Association of  Austral ia  - !'The C o a l  Besourcss of Australia" 
Poxer Smvey Report Noo3 - 1955, p.29. 

2. Butler K. - W o e l ,  Coke a d  By-FroClwts - Their Treatnent a t  
Newcastlel'. S.Z.P.Eeviev?, Vo1.2, Wool I, 23th Jan. 
1925, B.5. 

30 I,:cLenrm-l, I.t!,- Washed Coal  a s  &pl i ed  t o  L:etallurgicsl Practice!? 
Buresu of S tee l  !.!anxFecturers, Anr.ual Xeeting, 3rd 
Septa 19k0, pa%& 

Practice".  preprint  .;us t,Inst.Uicin.g & E I e t a l l u r ~ ,  
4. Norgard, J.D. & Brook, J.X. - I'Coal U t i l i za t ion  i n  I.lodern Steelworks 

tIw r547, p.10, 

5,, Gresory, J.A. - "pilot P l a n t  F?*searc:? i n t o  Ziethods o f  I?nproving S l a s t  
Funace  Cake &elFtgft.  9. E.P.Techr-ical Bal le t in ,  
voi.3, ~JO,I, M V C ~ ~ _  1959, p.230 

6. Gregory, J,A. - Vine Effec t  of Eineral  Watter i n  Coal on the Phrsical  
Strength of  Blast  i?'urnsce iCoke-Pilst Oven r e s t  
Resc l t s  a i t h  15 02 Bentonite o r  Bentonitic Shele 
gdded t o  the Coal Charge", The I n s t i t u t e  of -el 
(Australi'm Branch) 1759, S m o s i u n  on !!Australian 
Fuels  w-d Their Util icti t ion",  Pzper BI - l a  

Improving Blas t  Furnace Coke Qualitg - A S u n n a r y  of 
E q e r & e r t a l  Oven Data". B.E.T,Tech~ical Eul le t in ,  

7. Felton, D.H. EC Gregory, J . A .  - "Pi lot  P lan t  Beseerc:? in to  ?Jethods of 

~01~4,  NO,^ 1960, 
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CoaiSiring %-f8Merh BSS 
Fig.1 - frperimental Oven Fine Grind Tests 

on Unwashed Newcostle Coals 

fig.2 - Full S c a l e  Oven Fine Grind Tests  
o n  Unwashed Nevvcasfle Coals 
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Fig. 3: - Section of the P i l o t  Scale  Coal  & Coke Research Laboratory. 

Fig. 4: - The Experimental Coke Oven. 
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4 

1 

Fig, 5: - Control  T e s t ,  Full Scale Oven, Typical Spongy Run of Oven Coke. 
\ 

\ 

Fig. 6; - mll Scale Oven Test &$ Bentonite Addition. 
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Vol.  
uat. C V O l .  YVi . H2C Ash Nnat T0t.S No. 

Colliery 

2.7 10.4 32.9 0.7 3 83.0 5.3 8.9 38.1 
2.6 10.3 34.0 0.7 3$ 83.5 5.4 8.9 39.0 
2.2 13.1 30.9 0.5 3 84.0 5.1 8.5 37.0 

0.9 13.7 22.9 1.5 7 88.1 5.0 3.7  27.1 
D ( Natal } 1.3 12.0 31.0 1.4 6 85.5 5.3 6-0 37.5 
E ( 
F ( 1 1.1 12.5 22.9 0.9 4 88.3 4.8 4.3 26-9 
G ( 11 ) 1.1 14.9 20e8 0.8 4* 88.5 4.7 4.2 24.2 

c ( 1) 

~~ 

Practically all coals intended for carbocisation are 
mechanically cleaned to yield a product with an ash content of 
about 12 per cent. The Transvaal coals used for this purpose are 
only weakly coking. They yield a very inferior product when c a r -  
bonised on their o m ,  but acceptablewcoke can be produced by blend- 
ing with a small percentage o f  certain Natal coking coals. These 
are of a slightly higher rank as the result of the maturing effect 
of intrusive dolerite sheets some distance either below or above 
the coal horizon. 

coal reserves have determined the current policy whereby most of 
the metallurgical coke in South Africa is produced f rom blends 
having weakly coking coal as m a i n  component. 
such blends carbonised during 1959 was 2.2 million tons* repre- 
senting nearly 7G$ of a l l  coal carbonised for the produation of 
metallurgical coke in this country. 

Economic considerations and the desire to conserve coking 

The total tonnage of 

A typical blend is: 
Weakly coking coal: 75% 
(usually a mixture of various weakly coking coals)  

(normally a mixture of coking coals). 
Coking coal 2 5% 

A. TRE PETROGWHIC CO~OSITION OF PREPARED COKING COALS. 
The .../ 

* Short tons of 2,000 lb. 
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The South African coking coals are characterised by the 

For  the micro- presence of very large amounts of inert material. 
scopical examination of these coals the incident light technique 
has therefore been found preferable to the transmitted light tech- 
nique currently used in the U.S.A.l) 

The petrographical analyses of some South African coking 
coals are given in Table 2. 

TABLE 2. 
Petrographic Analyses of Some South 

African Coals. 

Microlithotype Analysis (%) Maceral Analysis($) 
Colliery Vt C1 V.I. I.K. ??u C.S. Vn Ex In V.M. 

A(Transvaa1) 27.5 6.0 23.0 38.5 0.5 4.5 55.8 14.4 25.0 4.8 
19.5 7.5 31.4 39.6 0.3 1.7 47.9 12.0 35.2 4.9 C( 1 

D (Natal) 
20.9 2.7 30.7 38.7 2.2 5.8 51.0 10.4 31.2 7.4 
16.2 2.7 30.9 42.1 2.7 5.4 42.3 14.0 37.7 6.0 

E ( " )  
F ( " )  
H ( " )  7.8 - 53.3 36.0 0 * 2  2.7,45.0 12.4 39.8 2.0 

26.9 4.0 33.3 30.2 1.3 4.3 51.9 9.3 33.1 5.7 

Exinite is rarely found to be associated with the vitrinite. 
Only relatively small quantities of clarite are therefore present 
in the coal. Normally the clarite content varies between 2 and 7 
per cent in the coking coals and an3 value higher than 7 per cent 
can be regarded as exceptional. The small amount of exinite 
present in the coal (usually less than 20 per cent) is found asso- 
ciated with mixtures of vitrinite and inertinite. This gives rise 
to large amounts of claro-durite and duro-clarite, generally 
described as intermediate or transition material. 

common but the bands are rather thin and the vitrite content sel- 
dom exceeds more than 25 to 27 per cent in a microlithotype analysis. 
The normal amount is of the order of 20 per cent. At least half of 
the total amount of vitrinite occurs admixed with other macerals. 

tite which consists of an intimate mixture of inertinite (mainly 
semi-fusinite) and vitrinite. This microlithotype is usually very 
consistent in composition and contains few or practically no other 
macerals. It occurs in very large quantities in some South African 
coals, notably the non-coking coals, as much as 60 per cent having 
been recorded in certain instances. For practical purposes this 
microlithotype is recorded separately whereas durite, which OCCUTS 
only in small quantities (seldom more than 8 per cent), is grouped 
and determined together with the intermediate material. 

The friable variety is rare. 

ature carbonisation are mechanically cleaned the amount of carbon- 
aceous shale is relatively low in them. Minute nodules of clay 
which cannot be separated from the coal by normal mechanical clean- 
ing processes are associated with practically every microlithotype, 
even in comparatively low specific gravity fractions. These mi- 
croscopical nsdules of clay give rise to the typical high ash con- 
tent of the South African coals. 

Titrinite in its free form i.e. in bands, is fairly 

Another very common entity is the microlithotype vitriner- 

Fusite occurs sparsely and is generally highly mineralised. 

Since virtually all the coals intended for high temper- 

E .../ 
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3. 123 CSX?OSITIOX OF S'PECIFIC GPAVITY F U C T I O N S .  

c r o l i t h o t y p e s  i n  -22 nesii c o a l  g r a i n s  of a vieaklycoking c o a l  and of  
t:.vo cok izg  c o e l s  r e v e a l e d  a r e n z r k a b l e  s i n i l a r i t y  i n  . t h e  behaviour  

of \ . < t r i t e  .:;as fgim?:! i n  t h e  f l o a t  Q z t e r i e l  a t  1.30 s.g. 'Jalues 
r a rL ins  2 z . x ~  50 t o  50 pi? c e n t  v?ere obtz inad  f o r  t h e  coking c o a l s  and 
just s y ~ a r  20 ? e r  c s n t  f o r  . the v~eak ly  coking coa l .  The v i t r i t e  
c o c c e n t r e t i o g  iz bo t i l  type.3 decreased  r a p i d l y  ::;ita i n c r e e s i n g  
s p i s i f i c  g r a o i t y  so  ~ h e t  t n a  1.35-1.40 s.g*  frac';ior, c a n t a i n e a  cnly 
o - I 2 2 ~ -  :;efi? - f i t r i t e .  It t h e n  f a l l s  v e r y  gradlielljr r e a c h i c g  a v a l u e  
of  about 2 Fer  c e n t  i n  t h e  i . 70  3.8. si-nk m a t e r i a l .  

A slzilar d i s t r i b u t i o n  p a t t e r 2  was observed f o r  c l a r i t e  i n  
t h e  iveakly coking c o a l .  
w a s  I'oimd i n  t h e  1.30 s ,g .  f l o a t  material vie. 24.3 p e r  cent .  It 
f e l l  t o  3 p e r  c e n t  i n  the 1.30-1.35 s . g .  f r a c t i o n  and no c l a r i t e  was 
found i n  the  h i g h e r  s p e c i f i c  g r a v i t y  f r a c t i o n s .  The 1 - 3 0  s.g. f l o a t  
m a t e r i a l  f r o 3  t h e  t w o  c,oking c o a l s  conta ined  no,more t h a n  6 - 7 p e r  
c e n t  c l a r i t e .  T h o  c o n c e c t r a t i o n  decreased  f a i r l y  s t e z d i l y  with 
i n c r e a s i n g  s p e c i f i c  g r a v i t y  r e a c h i n g  r_ v a l u e  o f  about  1 p e r  c e n t  i n  
t h e  1.70 s.g. s i n k  m a t e r i a l .  

The beimviour of t h e  i n t e r n e d i a t e  m a t e r i a l  w a s  s imilar  t o  
thEt of  t h e  v i t r i t e .  
-,vas a p p r e c i s b l y  higkier f o r  t h e  weakly coking . c o a l  t h a n  f o r  t he  two 
coking c o a l s .  

f l o a t  n a t e r i a l  m o u n t e d  t o  about  20 p e r  c e n t  f o r  t h e  coking c o a l s  
and  l e s s  than  10  p e r  c e n t  f o r  t h e ' w e a k l y  coking  c o a l .  It t h e n  i n -  
c reased  ra_nidly f o r  a l l  thre.e c o a l s ,  . a t t a i n e d  a maximum of between 
7 0  and 80 p e r  c e n t  i n  t h e  s p e c i f i c ' g r a v i t y .  ran&e 1.40-1.55 and de- 
c r e a s e d  raDidly  t o  10  p e r  c e n t  i n  the 1 . 7 0 ' s . g .  sink f r a c t i o n .  

stant f o r  all t h e s e  c o a l s  through the  s p e c i f i c  g r a v i t y  range and 
seldom e,xceeded , 5  p e r  c e n t  

s p e c i f i c  g r a v i t y  f l o z t s ,  I t  appeared i n  c o n c e n t r a t i o n s  of 1 t o  2 
p e r  c e n t  i n  the 1.30 - 1.35 s p e c i f i c . g r a v i t y  f r a c t i o n s  and t h e r e -  
a f t e r  t h e  c o n c e n t r a t i o n  s t e a d i l y  i n c r e a s e d  with i n c r e a s i n g  s p e c i f i c  
g r a v i t y  unt i l  i t  f i n a l l y  reached a m a x i m u m  of  between 8 0  and 90 per ,  
c e n t  i n  t h e  1.70 s p e c i f i c  g r a v i t y  s i& material .  

m i c r o l i t h o t y p e s  i n  t h e  c o a l s  i t  appears :  71) That the m i c r o l i t h o -  
types  a r e  very i n t i m a t e l y  mixed. 
p r a c t i c a l l y  e v e r y  z i c r o l i t h o t y  e vras r e p r e s e n t e d  i n  t h e  whole range 
of s p e c i f i c  g r a v i t y  f r a c t i o n s . 7 2 )  Tlnat t i e  s p e c i f i c  gravi tLes '  of t he  
r i c r o i i t h o t y p e s  a r e  a p p r e c i z b l y  h i g h e r  than t h o s e  of  European c o a l s  
of t'ns s a e  rank. The v a l u e s ,  s t a t i s t i c a l l y  determined,  v a r i e d  
a i t i i n  t h e  f o l l o w i n g  l i m i t s :  

A study of t h e  s p e c i f i c  g r a v i t y  d i s t r i b u t i o n  of t h e  m i -  

of ync -)'--r. -,, ,ulithot;pes. A3 can be expected,  t h e  l a r g e s t  Concent ra t ion  

Here tile naximm c o n c e n t r s f i o n  of c l a r i t e  

The naxinun c o n c e n t r a t i o n  i n  t h e  1.30 s.g. f l o a t  

The c o n c e n t r a t i o n  of t h e  v i t r i n e r t i t e  i n  t h e  1.30 s . g .  

The c o n c e n t r a t i o n  of t h e  f u s i t e  remained' p r a c t i c a l l y  con- 

No carbonaceous s h a l e  was p r e s e n t  i n  any of  t h e  t h r e e  1.30 

From t h e  s t u d y  of t h e  s p e c i f i c  r a v i t y  d i s t r i b u t i o n  of  t h e  

T h u s . w i t h  v e r y  f e w  except ions ,  

-- v i t r i t e  . 1.31-1.33 
C la r i t  9 1.30-1.32 
V i  t r icer t i t e 1 47-1 49 
I n t e r n e d i a t e  rcatecl.38-1.40 

Carbonaceous s h a l e  1.63-1.65 
The p o s s i b i l i t y  of contaminat ion  o f  t h e  m i c r o l i t h o t y p e s  by q u a n t i t i e s  
of c l a y ,  30 minute t ha t  t h e y  could  n o t  always be observed under normal 
magni f ica t ion  of 200 t o  250, may have i n f l u e n c e d  t h e s e  s p e c i f i c  
g r a v i t i e s  a l though v e r y  l i t t l e  c l a y  was d e t e c t e d  under normal 

i a1 
F u s i t e  1.44-1.54 

m a g n i f i c a t i o n  . . ./ 
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magni f i ca t ion  i n  the samples of s p e c i f i c  g r a v i t y  f r a c t i o n  up t o  1 . 5 0 .  
It i s  s i g n i f i c a n t ,  hoi.;ever, that on ly  s l i g h t  v a r i a t i o n s  i n  s p e c i f i c  
g r a v i t y  occurred f o r  each a i c r o 2 i t h o t y p e  f o r  a l l  t h r e e  of t h e  coals. .  
The except ion  be ing  t h e  hig-hly mine ra l i s ed  f u s i t e  i n  t h e  weakly coking 
c o a l  which gave an a p p r e c i a b l y  h i g h e r  va lue  than  t h a t  ob ta ined  f o r  the 
f u s i t e  i n  t h e  tvo  coking c o a l s .  The coals o r i g i n a t e d  f r o m  a r e a s  v e r y  
widely apar t  anC i t  i s  d o u b t f u l  whether such cons t an t  r e s u l t s  could 
have Seen obts ined  if' t h e  i n c l u s i o n  o f , m i n u t e  q u a t i t i e s  of c l a y  had 
had m y  profound i r , f i uence  oli fhe  s p e c i f i c  g r a ~ i t y .  
b . TXE E V f i U A ~ 2 I O B  93 COKIXG Z O - G S .  

A p r a d i c s i o n  o f  tho p o t e n t i a l  va lue  of South Af r i can  coking 
c o a l s ,  more s?e.~F2Llj; t h t  o l  Tvealzljr cak ing  c o a l s ,  i s  f r e q u e n t l y  ren- 
dered  r . a t h e r  d i f f , i c u l t  Sj r  t h e i r  p e c u l i a r  benaviour.  

Thus the  widaly used S .S ,swel l ing  t e s t  does no t  provide  an 
e n t i r e l y  r e l i a b l e  c r i t e r i o n .  P r o a  p a s t  exper ience  with South Af r i can  
coking c o a l s  i t  a,peared t h a t  coa l  having  i! s w e l l i n g  number of l e s s  
than 2 was of very d o u b t f u l  va lue  a3 a coking c o a l  a l though some o f  the 
c o a l s  having such a 107: s w e l l i n g  aiimber can be used in  the b l e r d s  
mentioned above. ' It Twas u s u a l l y  accepted  t h a t  t h e s e  weakly coking 
c o a l s  should  have a s w e l l i n g  number o f  2 t o  4. A h ighe r  s w e l l i n g  num- 
b e r  p rov ides  no ,guarantee t h a t  the c o a l  vnll y i e l d  s a t i s f a c t o r y  coke. 

The f a l l i b i l i t y  o f  t h i s  t e s t  became a2ps ren t  when s p e c i f i c  
g r a v i t y  f r a c t i o i s  f rom. l .30  t o  1.6.0 a t . 0 . 0 5  i n t e r v a l s  of a reasonably  
good Natal coking c o a l  were t e s t e d  ili a d i l a t o m e t e r . .  The d i l a t a t i o n  
of t he  Coal became p r o g r e s s i v e l y  poore r  w i t h  i n c r e a s i n g  s e p a r a t i o n  
s p e c i f i c  g r a v i t y  uti1 t h e  f l o a t  c o a l  f i n a l l y  gave only a c o n t r a c t i o n ;  
y e t  t he  s w e l l i n g  n m b e r  v a r i e d  f r o m  64 i n  t h e  c a s e  of t h e  lowes t  
s p e c i f i c  g r a v i t y  f r a c t i o n ,  t o . 4 *  i n  t h e  case  .of t h e  h i g h e s t  s . g . f r ac t ion .  

A n  e v a l u a t i o n . o n  t h e  b a s i s  of pe t rog raph ic  composition, p ro -  
v i d e d  t h e  coal' Z a l l s  w i t h i n  the  coking group f o r  South Af r i can  c o a l s ,  
a l s o  o f f e r s  cons ide rab le  d i f f i c u l t i e s .  It  has  been f o u n d  t h a t  t h e  r a t i o  
of  a c t i v e  t o  i n e r t  c o n s t i t u e n t s  ob ta ined  f r o m  the  macer& a n a l y s i s  
may g i v e  some i n d i c a t i o n  of t h e  c o a l ' s  coking p ropens i ty .  If t he  r a t i o  
of t h e  sum of t h e  v i t r i n i t e , a n d ' e x i n i t e  t o  that  o f  t h e  i n e r t i n i t e  and 
t h e  v i s i b l e  minera ls  exceeds 1.4:1,  t h e  c o a l  may e x h i b i t  reasonable  
coking p r o p e r t i e s . .  Coals having  r a t i o s  of a c t i v e s  t o  i n e r t s  of more 
than 2 f l  can  be expected t o  g i v e  a reasonably  good coke when carbon- 
i s e d ,  

Extans$ye t e s t i n g  o f  oking c o a l s  u s i n g  ' the  d i l  ometers 
o f  Aud ibe r t -Aru  and Eoffm-37, as w e l l  as t h e  G i e s e l e r t j  p l a s -  
t ome te r  i n d i c a t e  that  a r easonab le  c o n t r a c t i o n ,  d i l a t a t i o n  and degree 
o f  f l u i d i t y  could be expec ted  from m o s t  o f  t h e  N a t a l  coking c o a l s .  
Normally c o a l  D (Table  1) g i v e s . 2 2  t o  25 per  c e n t  c o n t r a c t i o n ,  30 t o  
40 p e r  c e n t  d i l a t a t ion  and a m a x i m u m  f l u i d i t y  of about 3000 divJmin. 
when t e s t e d  b y  i t s e l f .  The behairiour o f  t h e  Transvaa l  weakly coking 
c o a l s  i s  a t  times d i f f i c u l t  t o  p r e d i c t  from such t e s t s ,  e s p e c i a l l y  
when t h e y  a r e  t o  be b lepded  w i t h  Natal coking coa l s .  Under t e s t  con- 
d i t i o n s  t h e  Transvaal weakly coking  c o a l s  e x h i b i t  remarkably similar 
p r o p e r t i e s .  They a l l  g i v e  a c o n t r a c t i c n  but  no d i la ta t ion .  I n  t h e  
p l a s t o m e t e r  t h e i r . d e g r e e  o f  f l u i d i t y  i s  ve ry  low. A blend of 30 
per  c e n t  o f  c o a l  D from Natal w i t h  70 p e r  cen t  o f  c o a l  A from . T r a n s -  
v a a l  gave a c o n t r a c t i o n  i n  t h e  d i l a t o m e t e r  of 32 per  c e n t  and a 
d i l a t a t i o n  of -28 p e r  c e n t .  The degree  of f l u i d i t y  was low wi th  a 
m a x i m u m  of 1 4  div./min. If 5 p e r  cent ,  a n t h r a c i t e  i s  added t o  c o a l  E 
f r o m  Eata l  t he  m a x i m u m  f l u i d i t y  drops  from 900 t o  700 div/min., i f  
5 p e r  c e n t  of c o a l  A from Transvaal is added t o  c o a l  E, the  f l u i d i t y  
d e c r e a s e s  by 600 units. On t h e  o t h e r  hand, d i l a t o m e t e r  t e s t s  i n d i -  
c a t e d  t h a t  t h i s  mix ture  gave a b e t t e r  d i l a t a t i o n  thzn  t h e  mixture 

S u i n g  .../ of c o a l  E and 5 p e r  c e n t  a n t h r a c i t e .  
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Smining up, it may be concluded that as yet no simple test 

Procedure is available giving conclusive evidence of the value of 
weakly coking coals, especially when these coals are to be blended with 
coking coals. Consequently, the only way of determining the value of 
the coals as blend constituents has been to carry out coking experi- 
=ants, either in experinental coke ovens o r  under normal full scale 
operating conditions. 

It is envisaged that with the recently constructed 15 inch 
and 19 ir-ch wide, gas heated experimental coke ovens at the Fuel 
Research Institute, experimental work will not only be facilitated 
but that a much wider range of possible blends and operating con- 
a i t i o l ? s  nay b e  investigated. 

D. STUDIES ON NETALLU,SGICAL C O K E .  
Due to the characteristics of the available coking coals in 

S o u t k  Africa the netallurgical industries have to use coke that 
xould probably be regarded as being of l o w  quality or unacceptable 
for these purposes in Europe or the United States. 

The deficiencies are mainly the high ash content, low 
abrasion index, and to a lesser extent, l o w  shatter index. 

For economic reasons the ash in the washed coal cannot be 
reduced to less than about 10 to 13 per cent, thus giving a coke with 
an ash content of 15 t o  17 per cent. 

'Jzrious vi cis have been expressed about the probable causes 
of fissuring in coke!.), and it is generally conceded that fissuring 
is caused by excessive shrinkage. The opinion has also been ex- 
pressed that a homogeneous ccal, in contrast to a blend, yields a 
coke zith less fissures. This may be true for low or medium volatile 
coking coals, but experiments conducted with a homogeneous but high 
volatili. (40 per cent D.A.F.) coal from the Transvaal yielded a 
coke with an abnornally high amount of fissures. It appears that 
the excessive release of volatile natter is the main cause of the 
high shrinkage and nay overshadow the effect of other factors such 
as the difference in temperature between the oven wall and centre of 
the oven and the different rates of shrinkage of the components of 
a blend. 

The poor abrasion index is mainly due to the fact that the 
weakly and/or non coking particles (consisting mainly of inertinite) 
in the coal are not sufficiently bonded by the cell-wall material 
in the coke or the bond mag be so thin that its strength becomes less 
than that of the particles>! In cokes having an exceptionally low 
abrasion index many inert particles were found to be only partly 
bonded. This possibility may be illustrated by reference to a 
relatively low volatile (25 per cent D.A.F.) coking coal from Matal 
which wzs found to contzin a very low ratio of active to inert con- 
stituents, Microscopical examination of the coke produced from this 
coal gave evidence of very weak bonds between unfused particles and 
the cell-wall material surrounding them. 

A study of the unfused and/or weakly fused coal particles 
in 50 smples of coke intermittently manufactured in an industrial 
colre oven over a period of approximately six months led to the con- 
clusion that the particles of over 3 mm diameter were chiefly re- 
sponsible for the low abrasion index. 
bet.Areen the occurrence of such particles and the B.S.Cochrane Index 
was obtained. The Correlation between the total amount of unfused 
particles of over 1 mn diameter and the E.S. Cochrane Index amounted 
to 55 per cent. No correlation was found for the 3 x 2 mm and 2 x 1 
m particles. Tlne particles of less than 1 mm diameter have probably 
a beneficial influence on the coke strength. The general view-point 

A 62 per cent correlation 

e lends strength to the body" has been supported by other 
Some ... / 
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2. S O E  R.XCEnTT DEV%LOEICEXCS IN CONXECIPION W T H  COKE 
ZESEMCX I N  SOUTX AFRICA. 

' I n  view of the  fac t  t h a t  t h e  s t r e n g t h  o f  the coke depends 
l a r g e l y  on t h e  n a t u r e  and composi t ion o f  t h e  c o a l  carbonised and as 
the  choice  of raw m a t e r i a l  i s  l i m i t e d ,  a t t e n t i o n  i s  be ing  given t o  t h e  
improvement of t h e  coke by  o t h e r  p o s s i b l e  means. The g r e a t e s t  success  
t h u s  far has been achieved  by p r e h e a t i n g  t h e  c o a l  p r i o r  t o  carbonisa- 
t i o n .  Preliminary exper imenta l  work i n  t h i s  d i r e c t i o n  y i e l d e d  re- 

1 2 O - 1 8 O 0 C ,  t h e  o p e r a t i o n  t a k i n g  f r o m  3 t o  5 hours .  
Carbonisa t ion  was c a r r i e d  out  i n  an e l e c t r i c a l l y  hea ted  

exper imenta l  oven w i t h  a c a p a c i t y  or" 540 lb .  a t  a bulk d e n s i t y  of 
50 l b / f t 3 .  

Two se r ies  of t e s t s  were c a r r i e d  out.  Each s e r i e s  con- 
s i s t e d  of t h r e e  t e s t s  v iz . :  (1) a blend ch i rged  wi th  a normal mois ture  
c o n t e n t  of ca. 7 per  c e n t ,  ( 2 )  t h e  same blend d r i e d  a t  1 2 O o C  and ( 3 )  
the  blend d r i e d  and p r e h e a t e d  t o  1 8 O o C .  

tu re  of Natal coking c o a l  and  t h r e e  Transvaal  weakly coking c o a l s  i n  
c e r t a i n  p r o p o r t i o n s .  This mixture  i s  h o r n  t o  g i v e ,  according t o  
South A f r i c a n  scandards a reasonably  good coke when carbonised under 
c u r r e n t l y  accepted c o n d i t i o n s .  I n  the  second t e s t  s e r i e s  t h e  mixture  
carbonised  c o n s i s t e d  of  a weakly coking c o a l  and a coking c o a l  i n  a 

- p r o p o r t i o n  y i e l d i n g  a v e r y  poor  product  under normal c a r b o n i s a t i o n  
c o n d i t i o n s .  

l b / f t3  f o r  s e r i e s  1 and 
were 54.9 and 49.5 Ib / f t$ :  r e s p e c t i v e l y  ( s e e  Table 3 ) .  

The p h y s i c a l  t e s t i n g  of  t h e  coke r e v e a l e d  a cons iderable  
improvement i n  the  B.S. abrasion index of the  coke manufactwedfrom 
the d r i e d  and prehea ted  c o a l  of  b o t h  t e s t  s e r i e s .  The B.S. s h a t t e r  
i n d i c e s  (011 t h e  smaller s c r e e n s  had also been improved b u t  no t  as 
e x t e n s i v e l y  as t h e  a b r a s i o n  index.  The r e l a t i v e  f i g u r e s  a r e  shown i n  
Table 3. 

many r e s p e c t s  i n  agreement with those  r e p o r t e d  by Perch a n d  
2 u s s e l  suits 37 . 9he c o a l  charge was c?ried by means of  superhea ted  steam t o  

The c o a l  used f o r  t h e  f i r s t  t e s t  s e r i e s  c o n s i s t e d  of a mix- 

The bulk d e n s i t i e s  of t h e  zoist c o a l  mere 47.3 and 42.7 
r e s p e c t i v e l y .  Those o f  the preheated c o a l s  

T U L E  3.  
B.S.Shatter and Abrasion R e s u l t s  P e r t a i n i n g  t o  
Cokes from Mois t ,  Dr ied  and Prehea ted  Coal. 

S e r i e s  1. S e r i e s  2 .  
Dried Erehear- Dried ?reheat- 

N o i s t  a t  ed a t  , .oist  a t  ed a t  
120'C 1 8 O o C  12OoC 1 7 O o C  

D e s c r i p t i o n  o f  Test 

47.3 - 54.9 42.7 - 49.5 Bulk d e n s i t y  of c o a l  

B .S. S h a t t e r  Index: 
+2 " 

1;:; 95.4 97.5 97.5 93.6 96.5 96.4 

( d r y  b a s i s )  ) 

66 70 6 1  
82 85 80 

94 93 
63 83 

B . S. Abrasion Index 66 79 79 63 73 7 3  

64 
83 
93 94 94 9 1  
67 8 2  +1Q" 

Bulk  d e n s i t y  o f  coke ) 26.1 28.5 29.0 27.3 29.3 28.6 
( l b / f t 3  a i r  dry) )  

E i c r c s c o p i c a l  . . . ./ 
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Microscopical examination of the various coke samples re- 

vealed that the unfused particles in the coke derived from the dried 
and preheated coals were, fn contrast with those samples derived f r o m  
the moist coal, generally better bonded and in most cases completely 
surrounded by cell-wall material. This was, presumably, due to the 
higher bulk density and reduced permeability to escaping volatiles 
which result in better contact between all particles. 

The possibilities of applying a system of selective crush- 
ing a d  screeni 
Preliminary w o r g )  has led to the conclusion that South African 
coking coals, especially the weakly coking coals,  are not very amen- 
able to beneficiation by selective crushing and screening and that 
any benefit accruing from such a process would probably be reflected 
to only a slight degree in the quality of the coke. 

Large scale experimental work to establish the effect of 
selective crushing, carried o u t  on a weakly coking coal from Trans- 
vaal and a Natal coking coal has thus far not yielded very encourag- 
ing results. A comparison between the physical characteristics of the 
coke derived from a mixture of selectively crushed and screened coals 
and a coke derived from the same mixture but normally prepared p r i o r  
to carbonisation indicates that no substantial improvement in quality 
occurred. These results axe recorded in Table 4. 

of the coking coals is a l s o  being investigated. 

TABLE 4. 
B.S.Shatter and Abrasion Results Pertaining to Cokes 
Manufactured from Coal Crushed and Screened in Stages. 

Test 1. Test 2. Test 3. 
70$ of A+30$ As for Test 1 As for Test 1 
of D normal but A crushed but A crushed Description of Test 
crushing to -1+mm to -3mm 

48.0 43.9 45.7 

66 60 62 +2” 
+1p 82 78 79 
+1” 90 89 90 
4” 92.9 92.0 93.0 

B . S .Abrasion Index 61 60 61 
Bulk density of coke ) 28.6 28.8 28.3 

Bulk density of coal 
( dry basis ) 

B.S.Shatter Index:- 

(lb/ft3, air dry) ) 

It can be noted from this table that the bulk density of 
the coal prepared in the normal way was higher than that of the 
selectively crushed and screened coal. It is a l s o  significant that 
the physical characteristics of the coke prepared from the dried 
and preheated coals are substantially better than those prepared 
from the selectively crushed and screened coals. 

is of prime importance in the manufacture of coke, at least from the 
types of coking coals available in South Africa. Whatever the 
mechanism may be whereby improved coke results when the charge bulk 
density is increased, it appears that the advantage achieved in this 
manner may outweigh those of other refinements available in the 
preparation of coking charges. 

It would appear that the bulk density of the coal charge 

i 
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ABS'IIRACT 

The selective preparation of coal for  coking has been intensively 
studied during the past  decade or  so in various countries=; however, 
investigations on selective preparation were in i t ia ted  more than 30 years 
ago-. 
throughout the world. Selective preparation i s  based on d i f fe ren t ia l  
f r i a b i l i t y  o f  the coal macerals with separation of enriched fractions o f  
each by screening and recombining these in proportions tha t  are  optimum 
for the coals and coking process. Consequently, different coals present 
special problems in selective preparation. In t h i s  paper the resul ts  
of work on Indian coals are presented. 
preparation should prove beneficial  t o  many of the coals of India. 

Work on the Sovaco-Eurstlein process- brought renewed interest  

It would appear that selective 
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